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Introduction:  Selection of the proper arch wire requires a thorough knowledge 
and understanding of the mechanical properties of wires as well as the system 
being used. Even with careful selection, orthodontists may experience different 
results due to the inaccuracy of the stated wire dimensions. Previous studies by 
Melling et al. have shown nickel titanium, stainless steel, and chrome-cobalt arch 
wires to be thinner than their marketed values.1 However, the literature is lacking 
information regarding (1) accuracy of the currently available orthodontic arch wires 
and (2) the consistency of the arch wire size. Orthodontic wires are also exposed 
to various chemical and mechanical challenges while in the oral cavity for months. 
This exposure of the arch wires can potentially result in physical deterioration. With 
the increase in popularity of energy drinks, it is important to know if these 
beverages have an effect on the arch wires. Even minor deviations from the 





third order values. Objective: The objective of this study is to determine the 
accuracy and consistency of preformed orthodontic arch wire dimensions and to 
compare the surface characteristics and dimensions following exposure to energy 
drinks. This is based on the need to provide more information on a potential cause 
for discrepancies in treatment outcomes and to aid the orthodontists in their 
selection of wires. Methods: Stainless steel (SS), nickel titanium (NiTi), and heat 
activated nickel titanium (HANT) wires, size 0.019x0.025 inch, were selected from 
four different orthodontic manufacturing companies, both foreign and domestic. 
Each preformed arch wire was cut into one-inch sections at the area of the first 
molar and canine. The surface characteristics and dimensions were then 
measured with the SEM with 125x magnification. Wire segments from the initial 
study were randomly selected and were then exposed to either Red Bull® or 
Gatorade® for 60 minutes a day for a total of 30 days. Wires were rinsed and stored 
in deionized water and remained in an incubator at 37 ±1 °C. Results: Wire 
dimensions were compared to the standards set by ISO CD 15841. The initial 
measurements with the SEM measurements showed 58.6% of the wires had a 
width within the standards and 100% had heights less than the standards. There 
was not a significant difference between the canine and molar area heights and 
widths. The SS wires showed surface characteristics significantly smoother than 
the NiTi and HANT wires. Overall, the post treatment surface characteristics were 
significantly worse than the initial surface characteristics. Conclusion: According 
to the ISO CD 15841, the standardized height of a 0.019 x 0.025 inch orthodontic 





+/- 0.01 mm for both dimensions. In this study, the dimensions were outside of the 
given tolerances. There was not a significant difference between the canine and 
molar regions, suggesting that the consistency of the arch wires is clinically 
acceptable. Analysis of the surface characteristics of the wires showed increased 
pitting and debris. Since the wires were rinsed with distilled water after each 
exposure to the energy drinks, it can be assumed that the areas of debris are most 
likely areas of corrosion. One explanation for the corrosion is that there has been 
some destruction to the oxide layer. Although not tested in this study, friction 
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Chapter 1: Introduction 
Manufacturing and environmental factors all play an interrelated role into the 
consistency and accuracy of orthodontic brackets and wires and the resulting 
treatment outcomes. Deviations in the marketed values may occur early on in the 
manufacturing process, or over time with exposure to the oral environment and 
contact with potentially corrosive materials.1, 2 Due to the fact that the majority of 
today’s orthodontists utilize the straight wire appliance, it is essential to have an 
understanding of the built in prescription and relationship of the orthodontic 
brackets and wires. This reliance on the bracket prescription is regardless of 
whether sliding mechanics or retraction arches are being used. A full expression 
of the torque or tip is not always needed, but in many cases to achieve an ideal 
position and relationship of the teeth it is a crucial component to the treatment. In 
fact, proper torque and tip are two of Dr. Andrews’ six keys to normal occlusion.3 
However, there is a problem in obtaining the desired prescription because on 
average bracket slots tend to be manufactured larger than the advertised size, 
and the wires are usually undersized, but some will be oversized as well.4 Even 
orthodontists practicing techniques using a standard edgewise are affected by 
the inconsistencies in the bracket and wire sizes since they are still expecting to 
be using a specific size bracket and wire.  
In addition to any discrepancies occurring during the manufacturing process, 
once the wires and brackets are used on patients they are continuously exposed 
to an oral environment that is subjected to varying acidic attacks. Like most 





will be associated corrosive properties.5 With the increase in the incidence of 
metal allergies and allergic contact dermatitis, it is important to understand the 
corrosive properties of the orthodontic materials for the safety of patients.6 
Studies have shown acidic environments to have an effect on surface roughness 
and frictional properties of orthodontic wires, but there is still a question regarding 
if the dimensional values are changed and how it affects the expression of the 
prescription.7 If there are changes in sizes then it will be another factor affecting 
the consistency and accuracy of orthodontic brackets and wires and the resulting 
treatment outcomes.  
1.1. Background of orthodontic appliances 
1.1.1. Development of the edgewise appliance 
Edward Angle is referred to as the “father of modern orthodontics” not only 
for his impact on the classification and diagnosis of malocclusions, but also for 
his contributions to orthodontic appliances.8 He began with his expansion arch, 
or E-arch, which consisted of clamped bands and threaded buccal tubes. He 
then continued to develop the pin-and-tube appliance and the ribbon arch, but his 
most impactful appliance was the edgewise appliance.9 Angle’s edgewise 
appliance was a fixed orthodontic appliance that was introduced in 1925 and 
incorporated the concept of a rectangular slot, size 0.022 x 0.028 inch, with a 
rectangular wire.8 Edgewise brackets were milled and the bases were formed at 
90-degree angles to the tooth surface, and the slots were cut at 90-degree 
angles.10 To compensate for the differences in tooth anatomy and needs for 





1.1.2. Development of the straight wire appliance 
Hoping to eliminate the various time consuming adjustments to the wire, 
Lawrence Andrews further modified the edgewise appliance to create the 
Andrews Straight-Wire Appliance, or the pre-adjusted appliance based on his six 
keys to normal occlusion.11 With 120 models that were considered normal 
occlusion without orthodontic treatment, Andrews referenced the center of the 
clinical crowns, the long axis of the center of the clinical crowns, and the 
thickness of the crowns to determine the values for the brackets.10 From these 
values he recognized six essential principals that must be met in order to achieve 
proper occlusion. These keys included proper molar relationship, crown 
angulation, crown inclination, no rotations, no spacing, and a flat occlusal plane. 3  
With the pre-adjusted appliance, in-out, tip, and torque angulations could be 
prescribed in the bracket and the orthodontist only needed to make adjustments 
to the first, second, and third order based on variability in tooth morphology.11 
The appliance’s name may imply that there is no need to bend any wires, but no 
system is perfect since it was based on an average value. Later, to help account 
for settling in the occlusion that occurred, Ronald Roth altered the Andrews 
appliance prescription to include an overcorrection in all three planes, which in 
turn helped to reduce the need for a large inventory of brackets that was required 
with the original appliance.11, 12    
1.2. Background of orthodontic arch wires 
Originally the wires used by Angle were gold, but with the replacement of 





within the appliance system.8 One option to compensate for the additional 
stiffness was to use undersized wires, however this prevented full expression of 
any built in prescription in the bracket. Therefore, the .018 x .025 inch bracket 
was developed.8 
1.2.1. Development of alloy wires 
Further development of arch wires occurred in the early 1960s, when W.F. 
Buehler developed a nickel-titanium alloy. George F. Andreasen realized the 
potential of this new technology and introduced it into the orthodontic field by 
utilizing it as arch wires. The term Nitinol was created by Andreasen as an 
acronym for nickel-titanium Naval Ordnance Laboratory. This alloy had unique 
properties of shape memory and super-elasticity. 13 This meant that the wire was 
able to return to its original form upon unloading of the forces. 14  
The NiTi alloy wires undergo a phase transformation that is expressed 
through changes in its lattice structure.14 The austenite phase is a stable, cubic 
structure present at high temperatures. As the wire is cooled, it transforms from 
the austenitic phase to the martensitic phase and the lattice shifts to a hexagonal 
shape, giving rise to the shape-memory and superelasticity effects.14 Further 
development in the properties of nickel-titanium wires led to thermoelastic nickel-
titanium wires. These wires could be distorted during insertion, as teeth were still 
leveling, and then activated by the temperature of the oral environment and 
return to the original shape, such as the preformed arch.15  
Furthering the development of alloy wires was Dr. Charles Burstone with 





These wires are an in-between of stainless steel and NiTi with deactivation 
characteristics less than stainless steel, but greater than NiTi in its stabilized 
martensitic form.15 These wires thus provide an adequate combination of wire 
properties such as spring back, stiffness, and formability.16 
1.2.2. Mechanical properties  
As of now, there is not just one wire that can accommodate all of the 
various needed properties of strength, range, and stiffness during the different 
stages of treatment. For example, during the initial stages of leveling and 
aligning, a NiTi wire is usually preferred over a stainless steel wire because of its 
greater range and light continuous forces.15 However, during the final stages of 
treatment when greater stability is required with little movement, then often times 
a stiffer and stronger wire is favored, such as a stainless steel wire.  
When choosing the appropriate wires to use, it is important to consider all of the 
physical and mechanical properties of each arch wire type and the clinical 
applications. The stiffness or rigidity of the arch wire corresponds with the 
modulus of elasticity. A wire with a higher value indicates a stiffer material.17 
Ultimate tensile strength represents the maximum load the wire can sustain and 
determines the maximum force the wire can deliver.8 Stainless steel properties 
correspond to a very rigid wire that can withstand large loads. However, NiTi 
wires are not as rigid, but they have higher spring back values and resiliency, 






1.2.3. Surface characteristics 
The mechanical properties are not the only thing to differ among the 
orthodontic wires.  Research studies have shown that various surface finishing of 
wires have an affect on binding and frictional resistance, which plays a role in the 
mechanics of tooth movement.18 Stainless steel wires tend to reflect a very 
smooth surface structure as compared to the TMA wires, which are rougher and 
more porous.19 One reason for the difference in surface characteristics between 
stainless steel and NiTi wires is related to the phase transformation that the NiTi 
wires undergo. For example, the wire may be smooth in its austenitic phase and 
then become rougher as it transforms its crystalline structure to the martensitic 
phase.19 Another contributing factor to the surface variability are the potential 
inconsistencies in the manufacturing methods, especially with the new wires that 
require specific phase compositions.20 Stainless steel wires are manufactured 
through a process of cold drawing and rolling to size. This process is beneficial 
for the mechanical properties of stainless steel, but some plastic deformation 
may be introduced into the manufacturing process and lead to some residual 
stresses in the material.20  
The significance of the surface roughness for clinicians is that it has been 
shown to correlate with a larger contact area between the bracket and wire and a 
higher frictional force.21 This could reduce the orthodontic force by 50% or 
more.21 A study by Krishnan and Kumar showed consistent findings for TMA 
wires having greater friction at the arch wire-bracket interface for both static and 
dynamic friction.22 There will always be some amount of friction incorporated into 





mechanics. Higher levels of friction will require higher orthodontic forces, or 
larger moment of the couple to be applied, which can then compromise tooth 
movement and anchorage control.23 
1.3. Corrosion  
It is important to keep in mind that orthodontic arch wires are biomedical 
materials, which requires a certain level of biocompatibility that is suitable to be 
allowed on the market and in the patient’s mouth. Since the orthodontic wires are 
made out of various metals and materials, there is a need for them to have a high 
threshold for corrosion resistance.1 For example, NiTi has a high nickel 
composition, which also happens to be a well-known allergen, with an incidence 
of allergic contact dermatitis as high as 20-30%.6 A study by Milosev tested the 
corrosion resistance of NiTi alloy through testing electrochemical characteristics 
and the effects of various pH levels. Results of the current-potential 
characteristics showed that in a simulated physiological solution, nickel and NiTi 
were inferior to titanium in regards to corrosion stability.1 The resistance to 
general corrosion was influenced by the pH of the simulated solution. The 
resistance value for nickel was 40-fold larger at a neutral pH of 7.5 than in an 
acidic environment at 4.5.1 Titanium showed to be less affected by the different 
pH levels as compared to nickel due to their stable oxide layer.1  
1.3.1. Effects of fluoride  
Daily oral hygiene products have also shown to influence the behavior of 
the orthodontic materials. The orthodontist or dentist commonly prescribes 





and dental decay. Thus, the orthodontic arch wires are readily exposed to 
fluoride throughout the duration of treatment. Fluoride may seem harmless, but a 
study by Heravi showed that as NiTi wires were exposed to increasing 
incremental amounts of fluoride (0.05% and 0.2%), the corrosion resistance of 
the wires decreased.6 In addition, under the scanning electron microscope the 
wires showed deepened pits on the surface. A suggestion for the cause of these 
results is that fluoride has a destructive effect on the oxide layer of the wires.6 
The true clinical impact of these changes to the wires due to the fluoride 
exposure is not known, so as of now the benefits to the overall oral health 
outweigh the cons to the orthodontic appliances. The suggestion to help 
minimize the dissolution of the oxide layer is to use mouthwashes with a lower 
percentage of fluoride.6 
1.3.2. Effects of acidic beverages  
Energy drinks, soft drinks, and other acidic beverages are highly 
consumed beverages and have continued to gain in popularity. Over the past 50 
years, the consumption of these types of drinks has increased by at least 50% in 
the U.S alone.24 At the same time, there is an increased incidence of dental 
erosion, which the literature has linked to soft drink intake as a contributing 
factor.24 The greater amounts of dental erosion seem to be correlated with 
increased exposure time to acidic pH levels, as well as the calcium chelating 
properties, and the amount of retention on enamel.24 Cola drinks have normally 
been considered the most harmful of beverages, but recent studies have shown 





more harmful effects on the dentition. A study by Fraunhofer reported that energy 
drinks and citrus-flavored beverages showed more enamel dissolution as 
compared to tea and cola drinks.24 These types of drinks are commonly used by 
children and adolescents during sporting events in which they may be drinking 
slowly over the course of a game without rinsing with water to help neutralize the 
acidity. Therefore, residual amounts are potentially retained on the enamel over a 
period of time.  
During orthodontic treatment, appliances such as the arch wires are left in 
the mouth for several weeks at a time. Patients are advised to alter the food that 
they consume to avoid breaking anything that may have been placed, but rarely 
are they modifying what they drink. This means that the appliances are 
potentially exposed to daily attacks from acidic drinks that have corrosive and 
erosive properties. Currently the literature is very limited in regards to any 
influence that acidic beverages may have on orthodontic appliances. To test if 
there were any changes in the wires, Jaber, et.al, simulated cariogenic and 
erosive conditions on orthodontic arch wires. Wires were exposed to a solution 
with a pH of 2.3 for one hour each day for 21 days to simulate 10 erosion 
episodes per day.25 These wires did result in significantly higher surface 
roughness as compared to the other groups, however the study did not take into 
account the clearing action of saliva under normal clinical conditions.25 A 
question that has yet to be tested is if these beverages are causing effects on the 
surface properties of the arch wires, and is there a corresponding dimensional 





1.4. Wire dimensions 
The play between the arch wire and bracket slot is of fundamental 
importance in clinical orthodontics when using the straight wire technique. As 
discussed previously, the prescription is built in to the bracket to account for first, 
second, and third order. When an undersized wire is used there is an increase in 
the angle of freedom, and “play” is introduced into the system, preventing full 
expression of the prescription.4 Wire dimensions in regards to height, width, and 
edge bevel have been found to be both significantly undersized and oversized 
with a range of -6.47% to +5.10%.2 The bracket slot size has been researched 
heavily and on average tends to be oversized. Some discrepancy is expected to 
allow for insertion of the wire, and with further development of the various 
brackets, the size differences are within the tolerance limits.26 However, even 
similar current studies have shown the wire sizes to be outside of given 
tolerances.26 In regards to wire types, studies performed by Meling et al. have 
shown that chrome cobalt and nickel titanium tend to be thinner than their 
marketed values.27, 28 Stainless steel wires have also shown smaller cross-
sections with rounded corners.29 
1.4.1. Torque 
The literature reveals studies looking into how arch wire dimensions may 
affect torsional expression. The arch wires in these studies were found to differ 
from the nominal values and give a less than ideal play, thus preventing full 
transmission of the torque in the system.2 The degrees of freedom between the 





greater degrees of rotation of the wire until it contacts the wall of the bracket slot 
and thus transmit the torque prescription.4 It is important to consider that 
achieving less than ideal torque within the physiologic limits may result in the 
clinician having to increase the moment of the couple in order to achieve the 
torsional moment.30 Research has shown that high force levels can lead to 
hyalinization and undermining resorption, thus jeopardizing the health of the 
periodontium and the planned tooth movement.31 
1.4.2. Research  
From a clinical view it is important to note that the majority of the research 
performed to test for the accuracy of arch wire dimensions have been on straight 
wires. Currently however, preformed arch wires are more commonly used in 
graduate orthodontic programs and private practice. The research that does 
include preformed arch wires has only taken samples from the posterior section. 
The potential problem with that approach is that the posterior ends are usually 
removed anyways since the wires come packaged longer than is required for the 
average arch. A study by Howe et al., shows that the average maxillary arch 
perimeter in a non-crowded dentition is 99.3mm for males and 95.6mm for 
females.32 Based on this information, there is a gap in the literature concerning 
the consistency of the arch wire dimensions in the areas of the preformed arch 
wire that are actually being used by the orthodontists.   
As discussed earlier, potential causes for the variability in the wires could 
be from the fact that the wires are produced in various batches and have inter-





for this possible discrepancy in research is to test batches from two different time 
periods. Besides manufacturing factors, there have been studies looking into 
environmental factors on arch wires, but currently there are not any studies that 
have examined dimensional changes due to the erosive nature of energy drinks. 
1.5. Purpose  
The purpose of this study was to determine the accuracy and consistency 
of the dimensions of orthodontic arch wires and the effect of acidic beverages. 
Considering that there is a true clinical impact for orthodontists, this study 
expanded on what has been done in past research in order to provide helpful 
information for the arch wire selection process as well as for modifications to 






1.6. Specific aims  
1.6.1.  To determine the accuracy of orthodontic arch wire dimensions 
among various companies. 
 
1.6.2. To determine the consistency of the stated dimensions within each 
preformed arch wire.  
 
1.6.3. To determine if energy drinks have a dimensional effect on arch 
wires. 
 
1.6.4. To compare surface characteristics of arch wires before and after 
exposure to energy drinks.  
 
1.7. Null Hypotheses  
 
            1.7.1 There is no difference between the stated arch wire dimensions and 
the measured dimensions. 
 
           1.7.2 There is no difference between the arch wire dimensions in the 
canine and molar regions.  
 
           1.7.3 There is no difference in arch wire dimensions after exposure to 
energy drinks.  
 






Chapter 2: Materials and Methods 
A bench top study was performed to measure the consistency and 
accuracy of preformed orthodontic arch wires and the effect of energy drinks on 
the dimensions. 
2.1. Sampling plan 
2.1.1. Inclusion & exclusion criteria 
The inclusion criteria for the study consisted of 0.019 x 0.025 inch 
preformed, upper orthodontic arch wires. The materials used were stainless steel 
(SS), nickel-titanium (NiTi), and heat-activated nickel-titanium (HANT). The wires 
came from both American and foreign orthodontic companies that had been 
fabricated within the past year. Wires that were damaged, supplied in straight 
form, or older than a year were excluded from the study. A bench top, portable 
incubator was used that maintained a temperature of 37 ±1 °C. The beverages 
that the wires were exposed to were Red Bull Energy Drink® and Lemon-Lime 
Gatorade®. None of these had an expired shelf life.  
120 upper orthodontic arch wires were purchased from American 
Orthodontics (Sheboygan, WI), 3M Unitek (Monrovia, CA), Rocky Mountain 
Orthodontics (Denver, CO), and Forestadent (Germany). These companies had 
been selected since they represented four of the most commonly used domestic 
and foreign orthodontic manufacturing companies. Of the 120 wires selected, 40 
of the wires were stainless steel (SS), another 40 were nickel titanium NiTi, and 





were ten SS wires from each of the four manufacturers, ten NiTi wires from each 
manufacturer, and ten HANT wires from each manufacturer. 
2.1.2. Sample groups 
Each preformed arch wire was cut into one-inch sections at the area of the 
first molar and canine on both the right and left side. Specifically, one inch 
sections were made 15mm from the center and 36mm from the center based on 
research by Howe et al.32 An example of the groups once the wires were 
sectioned were 20 canines and 20 molars from the AO NiTi subgroup. This was 
the same for each wire type from each manufacturer. The sampling method was 
repeated with another set of wires from a new lot. This allowed us to test for 
variability in the manufacturing process and evaluate quality control among the 
four orthodontic manufacturing companies.  With both lots sectioned there was a 
total of 48 sample groups to be tested. A research assistant then labeled the 
groups #1-48 so that the researcher was not aware of the brand or metal type 
during the random selection. Once the groups were labeled, 10 wire segments 
were selected from each of the 48 groups to be the tested wires for initial 























Figure 3. Example of how the wires were sectioned. 
 
2.2. Dimensional measurements and surface characteristics 
The ten arch wires from each of the 48 groups were then placed 
longitudinally along a piece of carbon tape and the height and width were 
measured using a scanning electron microscope (SEM) with 125x magnification, 
by a separate party who had experience with the technology and who was also 
blinded to the brand and metal type being tested. Once all measurements were 
taken and recorded using the SEM, all wires were then measured using a digital 
caliper. Images of each wire segment were taken for surface characteristics 






Figure 4. Scanning electron microscope 
 
2.3. Energy drink exposure 
From the total sample population, 5 wire segments were randomly 
selected from each of the 48 groups, giving a total of 240 wire segments. The 
molar sections were exposed to Red Bull® and the canine sections were exposed 
to Lemon-Lime Gatorade®. All four companies and wire types were equally 
represented. During this time the researcher was still blinded to the sample 






Figure 5. Flow chart of the division of the sample groups into treatment groups for energy drink 
exposure.  
 
Since wires are placed in the patient’s mouth for at least one month during 
a normal course of orthodontic treatment, the study was run over a course of 30 
days. Wires remained in an incubator set at 37 °C +/- 1 °C to simulate the oral 
cavity. To eliminate any potential contamination from the first part of the study, the 
wires were rinsed with distilled water prior to the start of the energy drink exposure. 
Each day the wires were immersed in a fresh 10 mL sample of their assigned 
energy drink for 60 min in the incubator. After 60 min, the wires were rinsed with 
distilled water and returned to the incubator to be placed in 10mL of distilled water 
for the remaining 23 hours each day. The pH of the Red Bull® measured 3.61 and 
the Lemon-Lime Gatorade® measured 3.22. This study protocol is based on 





minutes each day to represent the acidic conditions that occur after an average of 
10 erosion episodes per day considering that an acidic beverage is in contact with 
the dentition for 90 seconds.25 At the conclusion of the 30 days, the wire segments 
were then placed longitudinally along a piece of carbon tape and the height and 
width measured under SEM with 125x magnification. Surface characteristics were 
also assessed at the end of this period and quantified by a scale. 
 






Figure 7. Incubator used to store wires at 37 °C.  
 
2.4. Statistical analysis 
Descriptive statistics were used to describe the initial and final dimensions 
of the orthodontic wires and surface characteristics. Both the caliper and SEM 
measurements were used.  
A Paired t-test was used to evaluate any differences in initial and final 
caliper and SEM measurements. A Welch t-test was used to compare differences 
between dimensions, brands, and wire types as compared to the standards and 






Chapter 3: Results 
3.1. Dimensional results 
 Wire dimensions were measured and compared to the standards and 
tolerances set by ISO CD 15841 using a digital caliper and a scanning electron 
microscope. Calibration of the two measuring units resulted in no significant 
difference. The overall initial measurements with the caliper for width and height 
showed that 100% and 98.8% of the wires were less than the standard range 
respectively. The SEM measurements showed 58.6% of the wires had a width 
within the standards and 100% had heights less than the standards. Results can 
be seen in Table 1. Tolerance values by wire type can be seen in Table 2 and 3. 
According to the SEM measurements, the majority of the SS wires tended to fall 
within the range or greater where as the majority of HANT and NiTi wires were 






Table 1. Overall pre and post test measurements using the caliper and SEM as compared to 
tolerance levels.  
 
 Following exposure to the energy drinks the overall measurements with 
the caliper for width and height were 98.8% and 90.8% of the wires were less 
than the standard range respectively. The wires that changed from the initial 
measurements fell in the category of greater than the range. With the SEM, 
52.9% of the wires had a width within the acceptable range and 98.8% of the 





majority of the wires that had larger measurements after the acidic attack were 
stainless steel. 
 






Table 3. Pre and post descriptive statistics for tolerance level by wire type for height.  
A Welch t-test was used to compare differences in initial Caliper 
measurements between canine and molar dimensions. There was not a 
significant difference between the canine and molar area heights and widths. 
However, the SEM measurements indicated that the canines had a significantly 
greater width than the molar, but no significant differences in heights. Based on 
brand and wire type, there were no significant differences between the different 







Figure 8. Graph of pre and post treatment SEM measurements of HANT wires.  
 
 

































Figure 10. Graph of pre and post treatment SEM measurements of SS wires.  
 
 
3.2. Surface characteristics 
The surface characteristics of the sampled areas on the wires were 
quantified based on a scale created by the researcher. Table 4 shows examples 
of the scoring method. A score of one was given to surfaces that were smooth to 
minor imprints from wire drawing lines. No ridges or pores were present. A score 
of two was given to wires that had ridges and pores on less than 50% of the 
surface area. Finally, a score of three was given when ridges and pores and 
other irregularities were present on greater than 50% of the surface.  
With the initial wires there was a significant effect of type of wire on pre-surface 
characteristics as determined by a one-way ANOVA at the p < 0.05 level 
[F(2,717), p < 0.001]. A Tukey post hoc test revealed that the SS wires measured 
significantly lower as compared to the NiTi and HANT wires. There was no 


















American Orthodontics and Forestadent SS wires showed the smoothest surface 
with the lowest mean, while the American Orthodontics HANT and Forestadent 
NiTi had the highest scores or roughest surfaces. Following treatment with the 
energy drinks there were changes in the surfaces. Overall, the post treatment 
surface characteristics (M=2.85) were significantly greater than the initial surface 
characteristics (M=2.51). 
 





        
Figure 11. Initial RMO SS wire.                                 Figure 12. Post treatment RMO SS wire 
 
        
Figure 13. Initial American Orthodontics SS wire      Figure 14. Post treatment American   
                                                                                    Orthodontics SS wire 
 
        
Figure 15. Initial Forestadent HANT wire.                 Figure 16. Post treatment Forestadent HANT  





       












 95% CI 
P-Value 
AO-3M -0.010 -0.200 0.180 1.000 
Forest-3M 0.070 -0.120 0.250 0.800 
RMO-3M -0.060 -0.250 0.130 0.840 
Forest-AO 0.080 -0.110 0.270 0.710 
RMO-AO -0.050 -0.240 0.140 0.900 





 95% CI 
P-Value 
AO-3M 0.002 -0.008 0.012 0.930 
Forest-3M 0.010 0.000 0.020 0.035 
RMO-3M 0.014 0.004 0.024 0.002 
Forest-AO 0.008 -0.002 0.018 0.155 
RMO-AO 0.012 0.002 0.021 0.013 





 95% CI 
P-Value 
AO-3M 0.002 -0.005 0.008 0.919 
Forest-3M 0.000 -0.007 0.007 1.000 
RMO-3M 0.008 0.001 0.014 0.016 
Forest-AO -0.002 -0.008 0.005 0.920 
RMO-AO 0.006 -0.001 0.012 0.093 





 95% CI 
P-Value 
NiTi-HANT 0.025 -0.094 0.144 0.875 
SS-HANT -0.867 -0.986 -0.748 0.000 





 95% CI 
P-Value 
NiTi-HANT -0.005 -0.013 0.003 0.266 
SS-HANT 0.005 -0.003 0.013 0.330 





 95% CI 
P-Value 
NiTi-HANT 0.000 -0.005 0.005 0.993 
SS-HANT 0.007 0.002 0.012 0.005 












 95% CI 
P-Value 
AO-3M 0.011 -0.137 0.159 0.997 
Forest-3M -0.044 -0.192 0.104 0.866 
RMO-3M -0.128 -0.276 0.020 0.118 
Forest-AO -0.056 -0.204 0.092 0.768 
RMO-AO -0.139 -0.287 0.009 0.075 





 95% CI 
P-Value 
AO-3M -0.004 -0.012 0.003 0.507 
Forest-3M 0.002 -0.005 0.010 0.890 
RMO-3M 0.001 -0.006 0.009 0.969 
Forest-AO 0.006 -0.001 0.014 0.152 
RMO-AO 0.005 -0.002 0.013 0.256 





 95% CI 
P-Value 
AO-3M 0.000 -0.004 0.003 0.996 
Forest-3M 0.000 -0.004 0.004 1.000 
RMO-3M 0.003 -0.001 0.007 0.127 
Forest-AO 0.000 -0.003 0.004 0.995 
RMO-AO 0.003 0.000 0.007 0.073 





 95% CI 
P-Value 
NiTi-HANT -0.033 -0.135 0.069 0.722 
SS-HANT -0.592 -0.694 -0.490 0.000 





 95% CI 
P-Value 
NiTi-HANT -0.002 -0.007 0.004 0.807 
SS-HANT 0.003 -0.002 0.009 0.352 





 95% CI 
P-Value 
NiTi-HANT 0.000 -0.003 0.003 0.997 
SS-HANT 0.003 0.000 0.006 0.071 






SC   Difference Lower CI 
Upper 
CI P-Value 
Phase II:HANT - Phase I:HANT 0.03 -0.31 0.36 1.00 
Phase I:NiTi - Phase I:HANT -0.20 -0.53 0.13 0.51 
Phase II:NiTi - Phase I:HANT 0.08 -0.26 0.41 0.99 
Phase I:SS - Phase I:HANT -0.70 -1.03 -0.37 0.00 
Phase II:SS - Phase I:HANT -0.03 -0.36 0.31 1.00 
Phase I:NiTi - Phase II:HANT -0.23 -0.56 0.11 0.38 
Phase II:NiTi - Phase II:HANT 0.05 -0.28 0.38 1.00 
Phase I:SS - Phase II:HANT -0.73 -1.06 -0.39 0.00 
Phase II:SS - Phase II:HANT -0.05 -0.38 0.28 1.00 
Phase II:NiTi - Phase I:NiTi 0.28 -0.06 0.61 0.17 
Phase I:SS - Phase I:NiTi -0.50 -0.83 -0.17 0.00 
Phase II:SS - Phase I:NiTi 0.18 -0.16 0.51 0.66 
Phase I:SS - Phase II:NiTi -0.78 -1.11 -0.44 0.00 
Phase II:SS - Phase II:NiTi -0.10 -0.43 0.23 0.95 
Phase II:SS - Phase I:SS 0.68 0.34 1.01 0.00 
Caliper   Difference Lower CI 
Upper 
CI P-Value 
Phase II:HANT - Phase I:HANT 0.01 -0.02 0.04 0.85 
Phase I:NiTi - Phase I:HANT 0.02 -0.01 0.05 0.62 
Phase II:NiTi - Phase I:HANT 0.01 -0.02 0.04 0.97 
Phase I:SS - Phase I:HANT 0.00 -0.03 0.03 1.00 
Phase II:SS - Phase I:HANT -0.01 -0.04 0.02 0.97 
Phase I:NiTi - Phase II:HANT 0.00 -0.03 0.03 1.00 
Phase II:NiTi - Phase II:HANT 0.00 -0.03 0.03 1.00 
Phase I:SS - Phase II:HANT -0.01 -0.04 0.02 0.97 
Phase II:SS - Phase II:HANT -0.02 -0.05 0.01 0.38 
Phase II:NiTi - Phase I:NiTi -0.01 -0.04 0.02 0.97 
Phase I:SS - Phase I:NiTi -0.01 -0.04 0.02 0.85 
Phase II:SS - Phase I:NiTi -0.02 -0.05 0.01 0.18 
Phase I:SS - Phase II:NiTi 0.00 -0.03 0.03 1.00 
Phase II:SS - Phase II:NiTi -0.02 -0.04 0.01 0.63 
Phase II:SS - Phase I:SS -0.01 -0.04 0.02 0.86 
SEM   Difference Lower CI 
Upper 
CI P-Value 
Phase II:HANT - Phase I:HANT 0.00 -0.01 0.01 1.00 
Phase I:NiTi - Phase I:HANT 0.00 -0.01 0.01 1.00 
Phase II:NiTi - Phase I:HANT 0.00 -0.01 0.01 1.00 
Phase I:SS - Phase I:HANT 0.00 -0.01 0.01 1.00 
Phase II:SS - Phase I:HANT -0.01 -0.03 0.00 0.04 
Phase I:NiTi - Phase II:HANT 0.00 -0.01 0.01 1.00 
Phase II:NiTi - Phase II:HANT 0.00 -0.01 0.01 1.00 
Phase I:SS - Phase II:HANT 0.00 -0.01 0.01 1.00 
Phase II:SS - Phase II:HANT -0.01 -0.02 0.00 0.05 
Phase II:NiTi - Phase I:NiTi 0.00 -0.01 0.01 1.00 
Phase I:SS - Phase I:NiTi 0.00 -0.01 0.01 1.00 
Phase II:SS - Phase I:NiTi -0.01 -0.03 0.00 0.04 
Phase I:SS - Phase II:NiTi 0.00 -0.01 0.01 1.00 
Phase II:SS - Phase II:NiTi -0.01 -0.02 0.00 0.05 
Phase II:SS - Phase I:SS -0.01 -0.03 0.00 0.03 





SC   Difference Lower CI Upper CI P-Value 
Phase II:HANT - Phase I:HANT 0.18 -0.21 0.56 0.78 
Phase I:NiTi - Phase I:HANT -0.03 -0.41 0.36 1.00 
Phase II:NiTi - Phase I:HANT 0.15 -0.23 0.53 0.87 
Phase I:SS - Phase I:HANT -0.45 -0.83 -0.07 0.01 
Phase II:SS - Phase I:HANT -0.68 -1.06 -0.29 0.00 
Phase I:NiTi - Phase II:HANT -0.20 -0.58 0.18 0.67 
Phase II:NiTi - Phase II:HANT -0.03 -0.41 0.36 1.00 
Phase I:SS - Phase II:HANT -0.63 -1.01 -0.24 0.00 
Phase II:SS - Phase II:HANT -0.85 -1.23 -0.47 0.00 
Phase II:NiTi - Phase I:NiTi 0.18 -0.21 0.56 0.78 
Phase I:SS - Phase I:NiTi -0.43 -0.81 -0.04 0.02 
Phase II:SS - Phase I:NiTi -0.65 -1.03 -0.27 0.00 
Phase I:SS - Phase II:NiTi -0.60 -0.98 -0.22 0.00 
Phase II:SS - Phase II:NiTi -0.83 -1.21 -0.44 0.00 
Phase II:SS - Phase I:SS -0.23 -0.61 0.16 0.54 
Caliper   Difference Lower CI Upper CI P-Value 
Phase II:HANT - Phase I:HANT 0.03 -0.01 0.07 0.21 
Phase I:NiTi - Phase I:HANT 0.03 -0.01 0.06 0.39 
Phase II:NiTi - Phase I:HANT 0.04 0.00 0.07 0.09 
Phase I:SS - Phase I:HANT 0.00 -0.03 0.04 1.00 
Phase II:SS - Phase I:HANT 0.00 -0.04 0.04 1.00 
Phase I:NiTi - Phase II:HANT 0.00 -0.04 0.03 1.00 
Phase II:NiTi - Phase II:HANT 0.01 -0.03 0.04 1.00 
Phase I:SS - Phase II:HANT -0.03 -0.06 0.01 0.37 
Phase II:SS - Phase II:HANT -0.03 -0.07 0.01 0.18 
Phase II:NiTi - Phase I:NiTi 0.01 -0.03 0.05 0.98 
Phase I:SS - Phase I:NiTi -0.02 -0.06 0.02 0.61 
Phase II:SS - Phase I:NiTi -0.03 -0.07 0.01 0.36 
Phase I:SS - Phase II:NiTi -0.03 -0.07 0.01 0.18 
Phase II:SS - Phase II:NiTi -0.04 -0.08 0.00 0.07 
Phase II:SS - Phase I:SS -0.01 -0.04 0.03 1.00 
SEM   Difference Lower CI Upper CI P-Value 
Phase II:HANT - Phase I:HANT 0.00 -0.02 0.02 1.00 
Phase I:NiTi - Phase I:HANT 0.00 -0.02 0.02 1.00 
Phase II:NiTi - Phase I:HANT 0.00 -0.02 0.02 1.00 
Phase I:SS - Phase I:HANT 0.00 -0.03 0.02 0.99 
Phase II:SS - Phase I:HANT -0.03 -0.05 0.00 0.01 
Phase I:NiTi - Phase II:HANT 0.00 -0.02 0.02 1.00 
Phase II:NiTi - Phase II:HANT 0.00 -0.02 0.02 1.00 
Phase I:SS - Phase II:HANT -0.01 -0.03 0.01 0.94 
Phase II:SS - Phase II:HANT -0.03 -0.05 -0.01 0.00 
Phase II:NiTi - Phase I:NiTi 0.00 -0.02 0.02 1.00 
Phase I:SS - Phase I:NiTi -0.01 -0.03 0.01 0.94 
Phase II:SS - Phase I:NiTi -0.03 -0.05 -0.01 0.00 
Phase I:SS - Phase II:NiTi -0.01 -0.03 0.02 0.96 
Phase II:SS - Phase II:NiTi -0.03 -0.05 -0.01 0.00 
Phase II:SS - Phase I:SS -0.02 -0.04 0.00 0.05 





Chapter 4: Discussion 
4.1. Analysis of results 
Standardization of orthodontic materials ensures that there are outlines and 
instructions for properties, processing, testing methods, and tolerances.33 
According to the ISO CD 15841, the standardized height of a 0.019 x 0.025 inch 
orthodontic wire should measure 0.48mm and the width should be 0.64mm with a 
tolerance of +/- 0.01 mm for both dimensions. In this study, the accuracy of arch 
wire dimensions was not up to standards since the majority of the wires had 
dimensions that were outside of the given tolerances. Our results are similar to 
previous studies in finding that the wires were significantly different than the 
stated values.2, 4, 26 These differences were consistent for the stainless steel, 
NiTi, and HANT wires. There were differences in the number of each wire type 
that fell outside of the acceptable range. For example, the SS wires were more 
likely to fall within the range or greater than as compared to the HANT and NiTi 
wires. These differences are mostly likely related to modifications in the 
manufacturing processes for each wire type. We can accept the null hypothesis 
that there was not a significant difference between the canine and molar regions. 
This suggests that the consistency of the arch wire dimensions within the wires 
were clinically acceptable.  
Analysis of the surface characteristics of the wires following the treatment 
with the energy drinks showed increased pitting and debris. Since the wires were 
rinsed with distilled water after each exposure to the energy drinks, it can be 





explanation for the corrosion is that there has been some destruction to the oxide 
layer as suggested by Heravi.6 It is important to keep in mind that there are other 
chemical interactions besides the effects of the pH value that may contribute or 
be responsible for the observed corrosion. The majority of the wires presented 
initially with surface defects, but the current evidence is not clear as to whether 
these defects increase the susceptibility to corrosion.34 Several wire segments 
also showed irregular dark areas after exposure to the energy drinks. This finding 
is similar to a previous study by Parenti, which also showed no difference in the 
chemical or physical properties of the wires.34 However, some of the wires also 
showed changes in wire dimension. The caliper measurements showed a small 
percentage of the dimensions to become larger than their initial measurements. 
With the SEM images showing a layer of corrosive material on the wire, most 
likely this additional layer was being included in the final measurement. The 
differences in the dimensions with the SEM machine are mostly likely also due to 
the difficulty knowing the true ends of the wire with the build up.  
4.2. Limitations  
It is important to keep in mind that this was an in vitro study, so it is not a 
perfect representation of everything that occurs when a patient consumes an 
energy drink. Under normal physiological conditions the drink is most likely in 
contact with the wires for a short period of time prior to being washed away by 
saliva. Assuming the patient has acceptable oral hygiene, the wires will be 





represent all of the characteristics of saliva. Similar to protocols from previous 
studies, the 60-minute soaking protocol simulates an extreme situation.34 
4.3. Clinical Significance 
 Although this study did not evaluate bracket slot dimensions, previous 
studies have found that they tend to be oversized.4 With our results showing 
undersized wires, and knowing that the brackets are oversized, it is apparent that 
there will be more play in the system. With the popularity of prescription brackets 
and sliding mechanics, it is important for clinicians to know that compensations 
will need to be made for the discrepancies in sizes and prescription expression. 
Rather than having a true straight wire appliance, first and second order 
corrections will potentially need additional bends in the wire, auxiliary springs, or 
additional torque may need to be added to the wire for third order modifications.   
With increased surface roughness following exposure to an acidic 
environment, it is possible that the wires now have increased areas for plaque 
build up and retention. Although not tested in this study, friction relative to sliding 







4.4. Future Studies 
 Knowing now the effects of energy drink exposure on wires, a follow-up 
study could test if there were changes on the brackets and tubes, especially with 
the increase in popularity of ceramic brackets. Since the arch wires showed an 
increase in surface roughness and corrosion, a future study could test the amount 
of friction present initially and after exposure to energy drinks. Although the wires 
were rinsed after each acidic attack, an addition to the study could be to 
incorporate brushing the wire to simulate the oral environment more accurately. 
With the increase of patients with metal allergies, it would also be beneficial to 
know the ion release in order to properly inform patients and understand the 






Chapter 5: Conclusions 
Results from this study showed that independent of brand, orthodontic 
arch wires tend to be less than the given tolerances set by the ISO CD 15841. 
Thus the accuracy of the wires is not as standardized as previously thought. The 
consistency of the wire dimensions within each wire is accurate since there was 
not a significant difference between the canine and molar regions. Acidic 
beverages do have a significant effect on the worsening of surface 
characteristics and can result in dimensional changes due to corrosion. With the 
popularity of energy drinks and other acidic beverages, it is important for 
clinicians to be aware of the side effects on not only the health the dentition, but 
also the changes to the orthodontic appliances. With the understanding that the 
wire dimensions are not completely reliable, then the bracket prescriptions will 
not always be expressed and thus there is not a true “straight wire appliance” 
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Column1 Initial SC Initial caliper Initial SEM Final SC Final Caliper Final SEM 
RMO HANT Phase II canine 2 0.018 0.0195 3 0.017 0.0186 
RMO HANT Phase II canine 2 0.0235 0.0262 3 0.235 0.0257 
RMO HANT Phase II canine 2 0.0175 0.0194 2 0.175 0.0187 
RMO HANT Phase II canine 2 0.023 0.0257 3 0.023 0.0256 
RMO HANT Phase II canine 1 0.0175 0.0185 3 0.017 0.0189 
RMO HANT Phase II canine 2 0.0235 0.0256 3 0.022 0.0257 
RMO HANT Phase II canine 2 0.018 0.0186 3 0.017 0.019 
RMO HANT Phase II canine 2 0.024 0.0255 2 0.023 0.0256 
RMO HANT Phase II canine 2 0.0175 0.0184 3 0.017 0.0187 
RMO HANT Phase II canine 2 0.0235 0.0255 3 0.023 0.0256 
RMO HANT Phase II canine 3 0.0175 0.0195    
RMO HANT Phase II canine 2 0.0235 0.0254    
RMO HANT Phase II canine 2 0.0175 0.0195    
RMO HANT Phase II canine 2 0.0235 0.0255    
RMO HANT Phase II canine 2 0.0175 0.0192    
RMO HANT Phase II canine 2 0.0235 0.0255    
RMO HANT Phase II canine 3 0.0175 0.0196    
RMO HANT Phase II canine 2 0.0235 0.0256    
RMO HANT Phase II canine 3 0.0175 0.0192    
RMO HANT Phase II canine 2 0.0235 0.0212    
RMO SS Phase I Molar 1 0.0175 0.0194 3 0.017 0.0186 
RMO SS Phase I Molar 1 0.024 0.0265 2 0.023 0.0267 
RMO SS Phase I Molar 1 0.0175 0.0195 2 0.017 0.0184 
RMO SS Phase I Molar 2 0.0235 0.0255 2 0.023 0.0265 
RMO SS Phase I Molar 2 0.0175 0.0195 2 0.175 0.0183 
RMO SS Phase I Molar 2 0.0235 0.0265 2 0.235 0.0265 
RMO SS Phase I Molar 1 0.0175 0.0198 2 0.017 0.0185 
RMO SS Phase I Molar 1 0.0235 0.0265 3 0.023 0.0265 
RMO SS Phase I Molar 1 0.0175 0.0197 2 0.175 0.0184 
RMO SS Phase I Molar 2 0.0235 0.0265 3 0.023 0.0265 
RMO SS Phase I Molar 2 0.018 0.0194    
RMO SS Phase I Molar 1 0.0235 0.0265    
RMO SS Phase I Molar 2 0.0175 0.0194    
RMO SS Phase I Molar 2 0.0235 0.0265    
RMO SS Phase I Molar 1 0.018 0.0196    
RMO SS Phase I Molar 2 0.0235 0.0266    
RMO SS Phase I Molar 1 0.0175 0.0193    





RMO SS Phase I Molar 2 0.018 0.0195    
RMO SS Phase I Molar 2 0.0235 0.0265    
AO SS Phase I Canine 2 0.0175 0.0201 2 0.017 0.0197 
AO SS Phase I Canine 2 0.0235 0.0252 1 0.023 0.253 
AO SS Phase I Canine 2 0.0175 0.0204 2 0.017 0.0201 
AO SS Phase I Canine 1 0.0235 0.0217 3 0.023 0.0251 
AO SS Phase I Canine 2 0.018 0.0183 2 0.017 0.0213 
AO SS Phase I Canine 2 0.0235 0.0251 2 0.235 0.0253 
AO SS Phase I Canine 1 0.0175 0.0207 3 0.017 0.0206 
AO SS Phase I Canine 2 0.0235 0.025 2 0.023 0.0249 
AO SS Phase I Canine 1 0.0175 0.0178 3 0.175 0.0214 
AO SS Phase I Canine 1 0.0235 0.0217 2 0.235 0.0249 
AO SS Phase I Canine 1 0.0175 0.0179    
AO SS Phase I Canine 1 0.0235 0.0217    
AO SS Phase I Canine 2 0.017 0.0179    
AO SS Phase I Canine 1 0.023 0.025    
AO SS Phase I Canine 1 0.0175 0.0182    
AO SS Phase I Canine 2 0.0235 0.025    
AO SS Phase I Canine 2 0.0175 0.0217    
AO SS Phase I Canine 2 0.0235 0.0254    
AO SS Phase I Canine 2 0.0175 0.0228    
AO SS Phase I Canine 1 0.0235 0.0215    
3M HANT Phase II Molar 3 0.0175 0.0188 2 0.175 0.0214 
3M HANT Phase II Molar 3 0.023 0.0253 3 0.023 0.0248 
3M HANT Phase II Molar 2 0.0175 0.0188 2 0.017 0.0223 
3M HANT Phase II Molar 3 0.0235 0.0251 3 0.023 0.0248 
3M HANT Phase II Molar 3 0.0175 0.0188 3 0.017 0.0221 
3M HANT Phase II Molar 3 0.023 0.0247 3 0.023 0.0247 
3M HANT Phase II Molar 2 0.0175 0.0194 3 0.017 0.0207 
3M HANT Phase II Molar 2 0.023 0.025 3 0.023 0.0253 
3M HANT Phase II Molar 3 0.0175 0.0187 3 0.017 0.0205 
3M HANT Phase II Molar 3 0.023 0.0251 3 0.023 0.0253 
3M HANT Phase II Molar 2 0.0175 0.0196    
3M HANT Phase II Molar 3 0.023 0.0255    
3M HANT Phase II Molar 3 0.018 0.0195    
3M HANT Phase II Molar 3 0.0235 0.0249    
3M HANT Phase II Molar 3 0.018 0.0196    
3M HANT Phase II Molar 3 0.0235 0.025    
3M HANT Phase II Molar 2 0.0175 0.0195    
3M HANT Phase II Molar 2 0.023 0.0249    





3M HANT Phase II Molar 3 0.0235 0.0249    
RMO HANT Phase I Molar 3 0.0175 0.0185 3 0.017 0.0198 
RMO HANT Phase I Molar 2 0.0235 0.0244 3 0.023 0.0253 
RMO HANT Phase I Molar 2 0.018 0.0185 3 0.017 0.0199 
RMO HANT Phase I Molar 2 0.0235 0.0245 3 0.023 0.0255 
RMO HANT Phase I Molar 2 0.018 0.0192 3 0.017 0.0201 
RMO HANT Phase I Molar 2 0.023 0.0243 3 0.225 0.0251 
RMO HANT Phase I Molar 3 0.018 0.0186 3 0.017 0.0199 
RMO HANT Phase I Molar 2 0.024 0.0247 3 0.023 0.0253 
RMO HANT Phase I Molar 3 0.0175 0.0188 3 0.175 0.0197 
RMO HANT Phase I Molar 1 0.0235 0.0248 3 0.023 0.0254 
RMO HANT Phase I Molar 2 0.0175 0.019    
RMO HANT Phase I Molar 2 0.0235 0.0245    
RMO HANT Phase I Molar 3 0.018 0.0193    
RMO HANT Phase I Molar 2 0.0235 0.0246    
RMO HANT Phase I Molar 3 0.0175 0.0185    
RMO HANT Phase I Molar 3 0.0235 0.0249    
RMO HANT Phase I Molar 3 0.0175 0.0185    
RMO HANT Phase I Molar 3 0.0235 0.0248    
RMO HANT Phase I Molar 3 0.0175 0.0202    
RMO HANT Phase I Molar 2 0.0235 0.025    
Forest HANT Phase I Molar 2 0.018 0.019 3 0.017 0.0197 
Forest HANT Phase I Molar 3 0.0235 0.0248 3 0.225 0.0254 
Forest HANT Phase I Molar 2 0.0175 0.019 3 0.175 0.0197 
Forest HANT Phase I Molar 2 0.0235 0.0247 3 0.023 0.0254 
Forest HANT Phase I Molar 2 0.0175 0.0191 3 0.175 0.0195 
Forest HANT Phase I Molar 3 0.0235 0.0246 3 0.235 0.0255 
Forest HANT Phase I Molar 3 0.017 0.0193 3 0.175 0.0197 
Forest HANT Phase I Molar 3 0.0235 0.0251 3 0.023 0.0256 
Forest HANT Phase I Molar 2 0.0175 0.0191 3 0.175 0.0197 
Forest HANT Phase I Molar 3 0.0235 0.0252 3 0.235 0.0257 
Forest HANT Phase I Molar 2 0.0175 0.0187    
Forest HANT Phase I Molar 3 0.0235 0.0248    
Forest HANT Phase I Molar 2 0.0175 0.0186    
Forest HANT Phase I Molar 2 0.0235 0.0252    
Forest HANT Phase I Molar 3 0.0175 0.0191    
Forest HANT Phase I Molar 3 0.0235 0.0248    
Forest HANT Phase I Molar 3 0.017 0.019    
Forest HANT Phase I Molar 3 0.0235 0.0249    
Forest HANT Phase I Molar 3 0.0175 0.0189    





Forest SS Phase II Canine 2 0.018 0.0195 2 0.175 0.0228 
Forest SS Phase II Canine 1 0.0235 0.0246 3 0.235 0.0259 
Forest SS Phase II Canine 2 0.0175 0.0195 2 0.175 0.022 
Forest SS Phase II Canine 1 0.024 0.0255 3 0.023 0.0253 
Forest SS Phase II Canine 1 0.0175 0.0193 2 0.017 0.0226 
Forest SS Phase II Canine 2 0.0235 0.0253 3 0.023 0.025 
Forest SS Phase II Canine 2 0.0175 0.0197 2 0.175 0.0216 
Forest SS Phase II Canine 2 0.0235 0.0252 2 0.235 0.0251 
Forest SS Phase II Canine 1 0.0175 0.0197 2 0.017 0.0223 
Forest SS Phase II Canine 2 0.024 0.0252 2 0.023 0.0253 
Forest SS Phase II Canine 2 0.0175 0.0195    
Forest SS Phase II Canine 1 0.0235 0.0253    
Forest SS Phase II Canine 1 0.0175 0.0196    
Forest SS Phase II Canine 2 0.0235 0.0253    
Forest SS Phase II Canine 2 0.0175 0.0195    
Forest SS Phase II Canine 2 0.024 0.0247    
Forest SS Phase II Canine 1 0.018 0.0196    
Forest SS Phase II Canine 1 0.024 0.0248    
Forest SS Phase II Canine 2 0.0175 0.0199    
Forest SS Phase II Canine 2 0.0235 0.0247    
3M NiTi Phase II Canine 3 0.0175 0.0187 3 0.175 0.0212 
3M NiTi Phase II Canine 3 0.023 0.0248 3 0.023 0.0251 
3M NiTi Phase II Canine 3 0.0175 0.0186 3 0.017 0.0219 
3M NiTi Phase II Canine 3 0.023 0.025 3 0.023 0.025 
3M NiTi Phase II Canine 3 0.0175 0.0182 3 0.017 0.0219 
3M NiTi Phase II Canine 3 0.023 0.0251 3 0.023 0.0251 
3M NiTi Phase II Canine 3 0.0175 0.0185 3 0.175 0.0226 
3M NiTi Phase II Canine 3 0.023 0.0251 3 0.023 0.025 
3M NiTi Phase II Canine 2 0.0175 0.0183 3 0.175 0.0217 
3M NiTi Phase II Canine 3 0.023 0.0251 3 0.023 0.0252 
3M NiTi Phase II Canine 2 0.0175 0.0186    
3M NiTi Phase II Canine 3 0.023 0.0252    
3M NiTi Phase II Canine 3 0.0175 0.0185    
3M NiTi Phase II Canine 3 0.023 0.0253    
3M NiTi Phase II Canine 3 0.0175 0.0186    
3M NiTi Phase II Canine 3 0.023 0.0254    
3M NiTi Phase II Canine 2 0.018 0.0187    
3M NiTi Phase II Canine 3 0.023 0.0253    
3M NiTi Phase II Canine 3 0.0175 0.0193    
3M NiTi Phase II Canine 3 0.023 0.0254    





RMO SS Phase II Canine 2 0.0235 0.0253 2 0.225 0.245 
RMO SS Phase II Canine 2 0.0175 0.0193 2 0.017 0.195 
RMO SS Phase II Canine 1 0.0235 0.0253 2 0.023 0.247 
RMO SS Phase II Canine 2 0.0175 0.0193 2 0.017 0.199 
RMO SS Phase II Canine 2 0.023 0.0258 3 0.023 0.245 
RMO SS Phase II Canine 3 0.0175 0.0193 2 0.175 0.195 
RMO SS Phase II Canine 3 0.023 0.0252 3 0.235 0.248 
RMO SS Phase II Canine 2 0.0175 0.0198 2 0.017 0.0198 
RMO SS Phase II Canine 2 0.0235 0.025 3 0.023 0.243 
RMO SS Phase II Canine 2 0.0175 0.0194    
RMO SS Phase II Canine 3 0.024 0.0256    
RMO SS Phase II Canine 2 0.0175 0.0193    
RMO SS Phase II Canine 2 0.0235 0.0254    
RMO SS Phase II Canine 3 0.0175 0.0193    
RMO SS Phase II Canine 2 0.024 0.0252    
RMO SS Phase II Canine 2 0.0175 0.0193    
RMO SS Phase II Canine 2 0.0235 0.0253    
RMO SS Phase II Canine 1 0.0175 0.0192    
RMO SS Phase II Canine 2 0.0235 0.0255    
RMO SS Phase I Canine 2 0.0175 0.0201 2 0.017 0.0207 
RMO SS Phase I Canine 1 0.024 0.0257 2 0.023 0.0243 
RMO SS Phase I Canine 2 0.0175 0.0204 2 0.017 0.0204 
RMO SS Phase I Canine 3 0.0235 0.0256 3 0.023 0.0245 
RMO SS Phase I Canine 2 0.0175 0.0198 2 0.017 0.0194 
RMO SS Phase I Canine 2 0.023 0.0259 3 0.023 0.0244 
RMO SS Phase I Canine 2 0.0175 0.02 3 0.175 0.0201 
RMO SS Phase I Canine 2 0.0235 0.0255 2 0.235 0.0244 
RMO SS Phase I Canine 1 0.0175 0.0199 2 0.017 0.0206 
RMO SS Phase I Canine 2 0.0235 0.0258 2 0.023 0.0246 
RMO SS Phase I Canine 2 0.0175 0.0197    
RMO SS Phase I Canine 2 0.0235 0.0255    
RMO SS Phase I Canine 3 0.0175 0.0198    
RMO SS Phase I Canine 1 0.024 0.0253    
RMO SS Phase I Canine 3 0.0175 0.0195    
RMO SS Phase I Canine 2 0.0235 0.0256    
RMO SS Phase I Canine 2 0.0175 0.0198    
RMO SS Phase I Canine 1 0.0235 0.0253    
RMO SS Phase I Canine 2 0.0175 0.0195    
RMO SS Phase I Canine 1 0.0235 0.0253    
RMO SS Phase II Molar 3 0.0175 0.0201 3 0.017 0.0194 





RMO SS Phase II Molar 3 0.0175 0.0201 2 0.175 0.0194 
RMO SS Phase II Molar 2 0.0235 0.0251 2 0.235 0.0251 
RMO SS Phase II Molar 3 0.0175 0.0201 3 0.017 0.0193 
RMO SS Phase II Molar 2 0.0235 0.0257 2 0.235 0.0252 
RMO SS Phase II Molar 3 0.017 0.0203 3 0.017 0.0194 
RMO SS Phase II Molar 2 0.023 0.0259 3 0.023 0.0252 
RMO SS Phase II Molar 3 0.0175 0.0201 2 0.017 0.0193 
RMO SS Phase II Molar 2 0.0235 0.0258 3 0.023 0.0253 
RMO SS Phase II Molar 3 0.0175 0.0197    
RMO SS Phase II Molar 2 0.0235 0.0252    
RMO SS Phase II Molar 3 0.017 0.0198    
RMO SS Phase II Molar 1 0.0235 0.0254    
RMO SS Phase II Molar 3 0.0175 0.0199    
RMO SS Phase II Molar 2 0.0235 0.0255    
RMO SS Phase II Molar 3 0.017 0.0203    
RMO SS Phase II Molar 1 0.023 0.0257    
RMO SS Phase II Molar 3 0.1075 0.0204    
RMO SS Phase II Molar 2 0.0235 0.025    
3M SS Phase II Canine 3 0.018 0.0201 3 0.017 0.0195 
3M SS Phase II Canine 3 0.0235 0.0258 3 0.023 0.0251 
3M SS Phase II Canine 3 0.0175 0.0204 3 0.175 0.0196 
3M SS Phase II Canine 2 0.0235 0.0253 2 0.023 0.0251 
3M SS Phase II Canine 3 0.0175 0.02 3 0.017 0.0197 
3M SS Phase II Canine 2 0.0235 0.0251 3 0.023 0.025 
3M SS Phase II Canine 3 0.018 0.0201 3 0.017 0.0195 
3M SS Phase II Canine 2 0.0235 0.0251 3 0.023 0.0251 
3M SS Phase II Canine 3 0.0175 0.02 3 0.175 0.0196 
3M SS Phase II Canine 2 0.0235 0.0251 3 0.023 0.0253 
3M SS Phase II Canine 2 0.0175 0.0199    
3M SS Phase II Canine 2 0.0235 0.0252    
3M SS Phase II Canine 2 0.0175 0.0199    
3M SS Phase II Canine 2 0.0235 0.0251    
3M SS Phase II Canine 3 0.0175 0.02    
3M SS Phase II Canine 2 0.0235 0.0252    
3M SS Phase II Canine 3 0.0175 0.0199    
3M SS Phase II Canine 2 0.0235 0.0251    
3M SS Phase II Canine 3 0.0175 0.0204    
3M SS Phase II Canine 3 0.023 0.0254    
RMO HANT Phase I canine 3 0.0175 0.0195 3 0.017 0.0201 
RMO HANT Phase I canine 3 0.023 0.0259 3 0.225 0.024 





RMO HANT Phase I canine 2 0.023 0.0251 3 0.225 0.0238 
RMO HANT Phase I canine 3 0.0175 0.0196 3 0.017 0.0209 
RMO HANT Phase I canine 3 0.023 0.0254 3 0.023 0.0238 
RMO HANT Phase I canine 3 0.0175 0.0193 3 0.017 0.021 
RMO HANT Phase I canine 2 0.023 0.0251 3 0.023 0.0238 
RMO HANT Phase I canine 3 0.0175 0.0193 3 0.017 0.0238 
RMO HANT Phase I canine 2 0.023 0.0251 3 0.225 0.0218 
RMO HANT Phase I canine 3 0.0175 0.0192    
RMO HANT Phase I canine 3 0.023 0.0251    
RMO HANT Phase I canine 3 0.0175 0.0193    
RMO HANT Phase I canine 2 0.0235 0.0253    
RMO HANT Phase I canine 3 0.0175 0.0192    
RMO HANT Phase I canine 2 0.023 0.025    
RMO HANT Phase I canine 3 0.017 0.0193    
RMO HANT Phase I canine 2 0.023 0.0252    
RMO HANT Phase I canine 3 0.017 0.0197    
RMO HANT Phase I canine 2 0.023 0.0253    
Forest NiTi Phase I molar 3 0.0175 0.0196 3 0.017 0.0238 
Forest NiTi Phase I molar 3 0.023 0.0252 3 0.023 0.0195 
Forest NiTi Phase I molar 3 0.0175 0.0198 3 0.017 0.0193 
Forest NiTi Phase I molar 3 0.0235 0.0249 3 0.225 0.0238 
Forest NiTi Phase I molar 3 0.0175 0.0192 3 0.017 0.0238 
Forest NiTi Phase I molar 3 0.023 0.0251 3 0.023 0.0196 
Forest NiTi Phase I molar 3 0.017 0.0193 3 0.165 0.02 
Forest NiTi Phase I molar 3 0.023 0.0254 3 0.225 0.0238 
Forest NiTi Phase I molar 3 0.017 0.0194 3 0.017 0.0202 
Forest NiTi Phase I molar 3 0.023 0.025 3 0.023 0.0239 
Forest NiTi Phase I molar 3 0.017 0.0192    
Forest NiTi Phase I molar 3 0.023 0.0249    
Forest NiTi Phase I molar 3 0.0175 0.0191    
Forest NiTi Phase I molar 3 0.023 0.0253    
Forest NiTi Phase I molar 3 0.017 0.0192    
Forest NiTi Phase I molar 3 0.023 0.0249    
Forest NiTi Phase I molar 3 0.017 0.0193    
Forest NiTi Phase I molar 3 0.023 0.025    
Forest NiTi Phase I molar 3 0.0175 0.0197    
Forest NiTi Phase I molar 3 0.023 0.0254    
Forest SS Phase II Molar 1 0.0175 0.0197 2 0.017 0.0199 
Forest SS Phase II Molar 1 0.023 0.0254 2 0.023 0.0246 
Forest SS Phase II Molar 2 0.017 0.0201 3 0.017 0.0198 





Forest SS Phase II Molar 2 0.0175 0.0197 3 0.017 0.0202 
Forest SS Phase II Molar 1 0.023 0.0254 3 0.023 0.0245 
Forest SS Phase II Molar 2 0.0175 0.0195 2 0.017 0.02 
Forest SS Phase II Molar 1 0.0235 0.0255 3 0.023 0.0244 
Forest SS Phase II Molar 2 0.0175 0.02 3 0.017 0.0201 
Forest SS Phase II Molar 1 0.0235 0.0253 3 0.023 0.0243 
Forest SS Phase II Molar 2 0.0175 0.0195    
Forest SS Phase II Molar 1 0.0235 0.0254    
Forest SS Phase II Molar 2 0.1075 0.0195    
Forest SS Phase II Molar 1 0.0235 0.0254    
Forest SS Phase II Molar 2 0.0175 0.0195    
Forest SS Phase II Molar 1 0.0235 0.0254    
Forest SS Phase II Molar 3 0.0175 0.0197    
Forest SS Phase II Molar 3 0.023 0.0251    
Forest SS Phase II Molar 2 0.0175 0.0199    
Forest SS Phase II Molar 2 0.0235 0.0253    
AO HANT Phase II Molar 3 0.0175 0.02 3 0.017 0.0197 
AO HANT Phase II Molar 3 0.0235 0.0258 3 0.0225 0.0242 
AO HANT Phase II Molar 3 0.0175 0.02 3 0.017 0.0198 
AO HANT Phase II Molar 3 0.023 0.0244 3 0.023 0.0244 
AO HANT Phase II Molar 3 0.0175 0.0199 3 0.0175 0.0198 
AO HANT Phase II Molar 3 0.0235 0.0244 3 0.023 0.0244 
AO HANT Phase II Molar 3 0.0175 0.0196 3 0.017 0.0198 
AO HANT Phase II Molar 3 0.0235 0.0255 3 0.0225 0.024 
AO HANT Phase II Molar 3 0.017 0.0197 3 0.017 0.0198 
AO HANT Phase II Molar 3 0.0235 0.0254 3 0.023 0.0244 
AO HANT Phase II Molar 3 0.0175 0.0195    
AO HANT Phase II Molar 3 0.0235 0.0258    
AO HANT Phase II Molar 3 0.0175 0.0195    
AO HANT Phase II Molar 3 0.0235 0.0256    
AO HANT Phase II Molar 3 0.0175 0.0197    
AO HANT Phase II Molar 3 0.0235 0.0254    
AO HANT Phase II Molar 3 0.0175 0.0199    
AO HANT Phase II Molar 3 0.023 0.0255    
AO HANT Phase II Molar 3 0.0175 0.0197    
AO HANT Phase II Molar 3 0.0235 0.0255    
RMO NiTi Phase I Canine 3 0.0175 0.0195 3 0.017 0.0191 
RMO NiTi Phase I Canine 3 0.0235 0.0247 3 0.023 0.0244 
RMO NiTi Phase I Canine 3 0.017 0.019 3 0.0175 0.0192 
RMO NiTi Phase I Canine 3 0.023 0.0248 3 0.023 0.0244 





RMO NiTi Phase I Canine 3 0.0235 0.0249 3 0.023 0.0242 
RMO NiTi Phase I Canine 3 0.017 0.0193 3 0.017 0.0195 
RMO NiTi Phase I Canine 3 0.0235 0.0246 3 0.023 0.0243 
RMO NiTi Phase I Canine 2 0.017 0.0192 3 0.017 0.02 
RMO NiTi Phase I Canine 3 0.023 0.025 3 0.023 0.0243 
RMO NiTi Phase I Canine 3 0.017 0.0193    
RMO NiTi Phase I Canine 2 0.023 0.0245    
RMO NiTi Phase I Canine 2 0.017 0.0192    
RMO NiTi Phase I Canine 3 0.023 0.0247    
RMO NiTi Phase I Canine 3 0.0175 0.0196    
RMO NiTi Phase I Canine 2 0.023 0.025    
RMO NiTi Phase I Canine 3 0.0175 0.0192    
RMO NiTi Phase I Canine 2 0.023 0.025    
RMO NiTi Phase I Canine 3 0.0175 0.0202    
RMO NiTi Phase I Canine 2 0.0235 0.025    
AO NiTi Phase II Molar 3 0.0175 0.0191 3 0.017 0.0192 
AO NiTi Phase II Molar 2 0.023 0.0249 3 0.023 0.0244 
AO NiTi Phase II Molar 3 0.0175 0.0187 3 0.017 0.0191 
AO NiTi Phase II Molar 3 0.023 0.0252 3 0.023 0.0243 
AO NiTi Phase II Molar 3 0.0175 0.0187 3 0.017 0.0195 
AO NiTi Phase II Molar 2 0.023 0.0248 3 0.023 0.0242 
AO NiTi Phase II Molar 3 0.0175 0.0187 3 0.017 0.019 
AO NiTi Phase II Molar 3 0.0235 0.0252 3 0.023 0.0244 
AO NiTi Phase II Molar 3 0.0175 0.0185 3 0.0175 0.0197 
AO NiTi Phase II Molar 3 0.0235 0.0256 3 0.023 0.0245 
AO NiTi Phase II Molar 3 0.1075 0.0186    
AO NiTi Phase II Molar 3 0.0235 0.0251    
AO NiTi Phase II Molar 3 0.0175 0.0186    
AO NiTi Phase II Molar 2 0.023 0.0254    
AO NiTi Phase II Molar 3 0.0175 0.0188    
AO NiTi Phase II Molar 3 0.023 0.0252    
AO NiTi Phase II Molar 3 0.0175 0.0187    
AO NiTi Phase II Molar 3 0.0235 0.0254    
AO NiTi Phase II Molar 2 0.0175 0.0192    
AO NiTi Phase II Molar 3 0.023 0.0257    
3M NiTi Phase II Molar 3 0.018 0.0209 3 0.0175 0.0201 
3M NiTi Phase II Molar 3 0.0235 0.0253 3 0.023 0.0249 
3M NiTi Phase II Molar 2 0.018 0.0195 3 0.0175 0.0201 
3M NiTi Phase II Molar 3 0.0235 0.0249 3 0.023 0.0248 
3M NiTi Phase II Molar 2 0.0175 0.0194 3 0.0175 0.02 





3M NiTi Phase II Molar 2 0.018 0.0195 3 0.0175 0.0203 
3M NiTi Phase II Molar 3 0.023 0.0249 3 0.023 0.0247 
3M NiTi Phase II Molar 2 0.018 0.0196 3 0.0175 0.0203 
3M NiTi Phase II Molar 2 0.023 0.0248 3 0.023 0.0246 
3M NiTi Phase II Molar 2 0.0175 0.0193    
3M NiTi Phase II Molar 2 0.023 0.0247    
3M NiTi Phase II Molar 2 0.0175 0.0195    
3M NiTi Phase II Molar 3 0.023 0.025    
3M NiTi Phase II Molar 3 0.0175 0.0195    
3M NiTi Phase II Molar 2 0.023 0.0251    
3M NiTi Phase II Molar 3 0.0175 0.0196    
3M NiTi Phase II Molar 3 0.0235 0.025    
3M NiTi Phase II Molar 3 0.0175 0.0201    
3M NiTi Phase II Molar 3 0.023 0.0249    
3M NiTi Phase I Canine 2 0.0175 0.0196 3 0.017 0.0197 
3M NiTi Phase I Canine 2 0.023 0.0246 3 0.023 0.0243 
3M NiTi Phase I Canine 2 0.0175 0.0196 3 0.0175 0.0199 
3M NiTi Phase I Canine 2 0.0235 0.0247 3 0.023 0.0243 
3M NiTi Phase I Canine 2 0.0175 0.0194 3 0.0175 0.0197 
3M NiTi Phase I Canine 2 0.023 0.0246 3 0.023 0.0244 
3M NiTi Phase I Canine 2 0.0175 0.0198 3 0.0175 0.0198 
3M NiTi Phase I Canine 3 0.023 0.0249 3 0.023 0.0243 
3M NiTi Phase I Canine 2 0.0175 0.0199 3 0.017 0.0199 
3M NiTi Phase I Canine 2 0.0235 0.0249 3 0.023 0.0246 
3M NiTi Phase I Canine 2 0.018 0.0195    
3M NiTi Phase I Canine 3 0.0235 0.0251    
3M NiTi Phase I Canine 2 0.0175 0.0197    
3M NiTi Phase I Canine 2 0.023 0.0249    
3M NiTi Phase I Canine 2 0.0175 0.0199    
3M NiTi Phase I Canine 1 0.023 0.0251    
3M NiTi Phase I Canine 2 0.018 0.0198    
3M NiTi Phase I Canine 2 0.023 0.0251    
3M NiTi Phase I Canine 2 0.0175 0.02    
3M NiTi Phase I Canine 2 0.0235 0.0244    
Forest HANT Phase II Molar 3 0.0175 0.0198 3 0.017 0.0205 
Forest HANT Phase II Molar 3 0.023 0.0251 3 0.023 0.0228 
Forest HANT Phase II Molar 3 0.0175 0.0192 3 0.017 0.0207 
Forest HANT Phase II Molar 2 0.023 0.0246 3 0.0225 0.0231 
Forest HANT Phase II Molar 3 0.0175 0.0193 3 0.017 0.0205 
Forest HANT Phase II Molar 3 0.023 0.0248 3 0.0225 0.0229 





Forest HANT Phase II Molar 3 0.0235 0.0256 3 0.0225 0.0229 
Forest HANT Phase II Molar 3 0.0175 0.0191 3 0.017 0.0207 
Forest HANT Phase II Molar 2 0.023 0.0257 3 0.0225 0.0226 
Forest HANT Phase II Molar 3 0.0175 0.019    
Forest HANT Phase II Molar 2 0.0235 0.0247    
Forest HANT Phase II Molar 2 0.0175 0.0192    
Forest HANT Phase II Molar 3 0.023 0.0251    
Forest HANT Phase II Molar 3 0.0175 0.0192    
Forest HANT Phase II Molar 2 0.023 0.0247    
Forest HANT Phase II Molar 3 0.0175 0.0198    
Forest HANT Phase II Molar 3 0.023 0.025    
Forest HANT Phase II Molar 3 0.0175 0.0196    
Forest HANT Phase II Molar 3 0.0235 0.025    
AO HANT Phase II Canine 3 0.017 0.0193 3 0.0165 0.021 
AO HANT Phase II Canine 3 0.023 0.0246 3 0.0225 0.0225 
AO HANT Phase II Canine 3 0.017 0.0192 3 0.017 0.0202 
AO HANT Phase II Canine 3 0.023 0.0247 3 0.023 0.0224 
AO HANT Phase II Canine 3 0.017 0.019 3 0.017 0.0206 
AO HANT Phase II Canine 3 0.023 0.0246 3 0.0225 0.0226 
AO HANT Phase II Canine 3 0.017 0.0191 3 0.0165 0.0206 
AO HANT Phase II Canine 3 0.023 0.0246 3 0.0225 0.0223 
AO HANT Phase II Canine 3 0.017 0.0189 3 0.017 0.0209 
AO HANT Phase II Canine 3 0.023 0.0246 3 0.0225 0.0223 
AO HANT Phase II Canine 3 0.017 0.0188    
AO HANT Phase II Canine 3 0.023 0.0247    
AO HANT Phase II Canine 3 0.017 0.0193    
AO HANT Phase II Canine 3 0.023 0.0247    
AO HANT Phase II Canine 3 0.0175 0.0192    
AO HANT Phase II Canine 2 0.023 0.0246    
AO HANT Phase II Canine 3 0.017 0.0182    
AO HANT Phase II Canine 3 0.023 0.0245    
AO HANT Phase II Canine 3 0.017 0.0197    
AO HANT Phase II Canine 3 0.023 0.0246    
Forest SS Phase I Molar 2 0.0175 0.02 3 0.0175 0.0194 
Forest SS Phase I Molar 1 0.023 0.0251 2 0.023 0.0251 
Forest SS Phase I Molar 1 0.0175 0.0196 2 0.017 0.0195 
Forest SS Phase I Molar 2 0.023 0.0251 2 0.023 0.0252 
Forest SS Phase I Molar 2 0.0175 0.0192 3 0.017 0.0194 
Forest SS Phase I Molar 2 0.023 0.0251 2 0.023 0.025 
Forest SS Phase I Molar 2 0.0175 0.0192 3 0.0175 0.0195 





Forest SS Phase I Molar 2 0.0175 0.0194 3 0.0175 0.0194 
Forest SS Phase I Molar 2 0.023 0.025 3 0.23 0.0249 
Forest SS Phase I Molar 2 0.0175 0.0192    
Forest SS Phase I Molar 1 0.023 0.0251    
Forest SS Phase I Molar 1 0.0175 0.0192    
Forest SS Phase I Molar 1 0.023 0.025    
Forest SS Phase I Molar 2 0.0175 0.0192    
Forest SS Phase I Molar 1 0.023 0.0251    
Forest SS Phase I Molar 3 0.0175 0.0193    
Forest SS Phase I Molar 1 0.023 0.025    
Forest SS Phase I Molar 2 0.0175 0.0192    
Forest SS Phase I Molar 1 0.023 0.0255    
AO SS Phase I Molar 1 0.0175 0.0195 3 0.017 0.0197 
AO SS Phase I Molar 1 0.0235 0.0254 2 0.023 0.0251 
AO SS Phase I Molar 1 0.0175 0.0197 2 0.0175 0.0197 
AO SS Phase I Molar 2 0.023 0.025 2 0.023 0.0251 
AO SS Phase I Molar 2 0.0175 0.0192 3 0.0175 0.0196 
AO SS Phase I Molar 2 0.0235 0.025 2 0.0235 0.0251 
AO SS Phase I Molar 2 0.0175 0.0192 3 0.017 0.0194 
AO SS Phase I Molar 1 0.023 0.0254 2 0.023 0.0252 
AO SS Phase I Molar 2 0.0175 0.0196 3 0.017 0.0193 
AO SS Phase I Molar 1 0.023 0.0257 2 0.023 0.0252 
AO SS Phase I Molar 2 0.0175 0.0192    
AO SS Phase I Molar 2 0.023 0.0256    
AO SS Phase I Molar 2 0.0175 0.0205    
AO SS Phase I Molar 1 0.023 0.0262    
AO SS Phase I Molar 2 0.0175 0.0194    
AO SS Phase I Molar 2 0.023 0.0257    
AO SS Phase I Molar 2 0.0175 0.0201    
AO SS Phase I Molar 1 0.0235 0.0251    
AO SS Phase I Molar 2 0.0175 0.0192    
AO SS Phase I Molar 2 0.023 0.025    
RMO HANT Phase II Molar 3 0.0175 0.0195 3 0.017 0.0197 
RMO HANT Phase II Molar 3 0.023 0.0249 3 0.0225 0.0245 
RMO HANT Phase II Molar 3 0.0175 0.019 3 0.017 0.0195 
RMO HANT Phase II Molar 3 0.023 0.0251 3 0.0225 0.024 
RMO HANT Phase II Molar 2 0.017 0.0189 3 0.017 0.0195 
RMO HANT Phase II Molar 3 0.023 0.0249 3 0.023 0.0241 
RMO HANT Phase II Molar 2 0.0175 0.0189 3 0.017 0.0194 
RMO HANT Phase II Molar 3 0.023 0.0249 3 0.023 0.0243 





RMO HANT Phase II Molar 3 0.023 0.0249 3 0.0225 0.0241 
RMO HANT Phase II Molar 2 0.0175     
RMO HANT Phase II Molar 2 0.023     
RMO HANT Phase II Molar 2 0.017     
RMO HANT Phase II Molar 3 0.023     
RMO HANT Phase II Molar 3 0.0175     
RMO HANT Phase II Molar 2 0.023     
RMO HANT Phase II Molar 3 0.0175     
RMO HANT Phase II Molar 2 0.023     
RMO HANT Phase II Molar 2 0.017     
RMO HANT Phase II Molar 2 0.023     
Forest NiTi Phase I canine 3 0.017 0.0195 3 0.0165 0.0201 
Forest NiTi Phase I canine 3 0.023 0.0248 3 0.0225 0.0237 
Forest NiTi Phase I canine 3 0.017 0.0194 3 0.0165 0.0199 
Forest NiTi Phase I canine 3 0.023 0.0247 3 0.0225 0.0237 
Forest NiTi Phase I canine 3 0.017 0.0192 3 0.017 0.0198 
Forest NiTi Phase I canine 3 0.023 0.025 3 0.023 0.024 
Forest NiTi Phase I canine 3 0.0175 0.0194 3 0.017 0.0202 
Forest NiTi Phase I canine 3 0.023 0.0249 3 0.023 0.0244 
Forest NiTi Phase I canine 3 0.017 0.0192 3 0.017 0.0203 
Forest NiTi Phase I canine 3 0.023 0.0247 3 0.023 0.0243 
Forest NiTi Phase I canine 3 0.0175     
Forest NiTi Phase I canine 3 0.023     
Forest NiTi Phase I canine 3 0.0175     
Forest NiTi Phase I canine 3 0.023     
Forest NiTi Phase I canine 3 0.0175     
Forest NiTi Phase I canine 3 0.023     
Forest NiTi Phase I canine 3 0.017     
Forest NiTi Phase I canine 3 0.023     
Forest NiTi Phase I canine 3 0.0175     
Forest NiTi Phase I canine 3 0.023     
Forest SS Phase I Canine 1 0.0175 0.0195 2 0.017 0.0194 
Forest SS Phase I Canine 2 0.023 0.023 3 0.0225 0.0252 
Forest SS Phase I Canine 2 0.0175 0.0198 3 0.017 0.0194 
Forest SS Phase I Canine 2 0.0235 0.0247 2 0.0225 0.0246 
Forest SS Phase I Canine 2 0.0175 0.02 3 0.017 0.0193 
Forest SS Phase I Canine 1 0.023 0.0247 2 0.0225 0.0248 
Forest SS Phase I Canine 1 0.0175 0.0194 3 0.017 0.0195 
Forest SS Phase I Canine 1 0.023 0.0246 2 0.023 0.0247 
Forest SS Phase I Canine 2 0.0175 0.0193 2 0.017 0.0195 





Forest SS Phase I Canine 2 0.0175     
Forest SS Phase I Canine 2 0.023     
Forest SS Phase I Canine 3 0.0175     
Forest SS Phase I Canine 2 0.023     
Forest SS Phase I Canine 2 0.0175     
Forest SS Phase I Canine 2 0.023     
Forest SS Phase I Canine 2 0.0175     
Forest SS Phase I Canine 1 0.023     
Forest SS Phase I Canine 2 0.0175     
Forest SS Phase I Canine 2 0.023     
3M HANT Phase II Canine 3 0.0175 0.0198 3 0.017 0.0194 
3M HANT Phase II Canine 2 0.023 0.0248 3 0.0225 0.0244 
3M HANT Phase II Canine 3 0.0175 0.0185 3 0.017 0.0194 
3M HANT Phase II Canine 3 0.023 0.0248 3 0.0225 0.0248 
3M HANT Phase II Canine 3 0.0175 0.0186 3 0.0175 0.0195 
3M HANT Phase II Canine 3 0.023 0.0246 3 0.023 0.0249 
3M HANT Phase II Canine 3 0.0175 0.0183 3 0.0175 0.0197 
3M HANT Phase II Canine 3 0.023 0.0242 3 0.023 0.025 
3M HANT Phase II Canine 3 0.018 0.0197 3 0.017 0.0195 
3M HANT Phase II Canine 3 0.023 0.0247 3 0.023 0.0249 
3M HANT Phase II Canine 2 0.0175     
3M HANT Phase II Canine 2 0.023     
3M HANT Phase II Canine 3 0.0175     
3M HANT Phase II Canine 3 0.023     
3M HANT Phase II Canine 3 0.0175     
3M HANT Phase II Canine 3 0.023     
3M HANT Phase II Canine 3 0.0175     
3M HANT Phase II Canine 3 0.023     
3M HANT Phase II Canine 3 0.0175     
3M HANT Phase II Canine 2 0.023     
RMO NiTi Phase II Molar 3 0.0175 0.0196 3 0.017 0.0197 
RMO NiTi Phase II Molar 3 0.023 0.0253 3 0.023 0.0261 
RMO NiTi Phase II Molar 3 0.0175 0.0195 3 0.0165 0.0197 
RMO NiTi Phase II Molar 3 0.0235 0.0252 3 0.0225 0.0261 
RMO NiTi Phase II Molar 3 0.0175 0.0195 3 0.017 0.0197 
RMO NiTi Phase II Molar 2 0.0235 0.0252 3 0.023 0.0256 
RMO NiTi Phase II Molar 3 0.0175 0.0192 3 0.017 0.0197 
RMO NiTi Phase II Molar 3 0.0235 0.0252 3 0.023 0.0257 
RMO NiTi Phase II Molar 3 0.0175 0.0199 3 0.017 0.0197 
RMO NiTi Phase II Molar 3 0.0235 0.0255 3 0.023 0.0257 





RMO NiTi Phase II Molar 2 0.023     
RMO NiTi Phase II Molar 2 0.0175     
RMO NiTi Phase II Molar 3 0.0235     
RMO NiTi Phase II Molar 3 0.0175     
RMO NiTi Phase II Molar 2 0.0235     
RMO NiTi Phase II Molar 3 0.018     
RMO NiTi Phase II Molar 3 0.0235     
RMO NiTi Phase II Molar 3 0.018     
RMO NiTi Phase II Molar 3 0.0235     
AO NiTi Phase I Molar 3 0.0175 0.019 3 0.017 0.0193 
AO NiTi Phase I Molar 2 0.0235 0.0254 3 0.0225 0.0259 
AO NiTi Phase I Molar 3 0.017 0.0193 3 0.017 0.0197 
AO NiTi Phase I Molar 2 0.023 0.0253 3 0.0225 0.0258 
AO NiTi Phase I Molar 3 0.017 0.0195 3 0.017 0.0197 
AO NiTi Phase I Molar 2 0.023 0.0257 3 0.023 0.0258 
AO NiTi Phase I Molar 3 0.017 0.0194 3 0.017 0.0197 
AO NiTi Phase I Molar 3 0.023 0.0259 3 0.0225 0.0256 
AO NiTi Phase I Molar 3 0.017 0.0192 3 0.017 0.0197 
AO NiTi Phase I Molar 3 0.023 0.0256 3 0.023 0.0257 
AO NiTi Phase I Molar 3 0.017     
AO NiTi Phase I Molar 2 0.023     
AO NiTi Phase I Molar 3 0.017     
AO NiTi Phase I Molar 3 0.023     
AO NiTi Phase I Molar 3 0.017     
AO NiTi Phase I Molar 3 0.023     
AO NiTi Phase I Molar 3 0.017     
AO NiTi Phase I Molar 3 0.023     
AO NiTi Phase I Molar 3 0.0175     
AO NiTi Phase I Molar 3 0.023     
Forest NiTi Phase II Molar 3 0.0175 0.0193 3 0.017 0.019 
Forest NiTi Phase II Molar 3 0.023 0.0244 3 0.023 0.0232 
Forest NiTi Phase II Molar 3 0.0175 0.0192 3 0.017 0.019 
Forest NiTi Phase II Molar 3 0.023 0.0244 3 0.023 0.0229 
Forest NiTi Phase II Molar 3 0.0175 0.0194 3 0.017 0.0188 
Forest NiTi Phase II Molar 3 0.023 0.025 3 0.0225 0.0229 
Forest NiTi Phase II Molar 3 0.0175 0.0195 3 0.017 0.0188 
Forest NiTi Phase II Molar 2 0.023 0.0249 3 0.0225 0.0229 
Forest NiTi Phase II Molar 3 0.0175 0.0193 3 0.017 0.0189 
Forest NiTi Phase II Molar 3 0.023 0.0244 3 0.023 0.023 
Forest NiTi Phase II Molar 3 0.0175     





Forest NiTi Phase II Molar 3 0.0175     
Forest NiTi Phase II Molar 3 0.023     
Forest NiTi Phase II Molar 3 0.0175     
Forest NiTi Phase II Molar 3 0.023     
Forest NiTi Phase II Molar 3 0.0175     
Forest NiTi Phase II Molar 3 0.023     
Forest NiTi Phase II Molar 3 0.0175     
Forest NiTi Phase II Molar 3 0.023     
AO NiTi Phase I canine 3 0.0175 0.0181 3 0.017 0.0192 
AO NiTi Phase I canine 3 0.023 0.0231 3 0.0225 0.0232 
AO NiTi Phase I canine 3 0.0175 0.0181 3 0.017 0.0195 
AO NiTi Phase I canine 3 0.023 0.0234 3 0.023 0.0233 
AO NiTi Phase I canine 3 0.0175 0.0181 3 0.017 0.0196 
AO NiTi Phase I canine 3 0.023 0.0231 3 0.023 0.0233 
AO NiTi Phase I canine 3 0.0175 0.018 3 0.017 0.0207 
AO NiTi Phase I canine 3 0.023 0.0231 3 0.0225 0.0231 
AO NiTi Phase I canine 3 0.0175 0.0184 3 0.017 0.0202 
AO NiTi Phase I canine 3 0.023 0.0233 3 0.0225 0.0232 
AO NiTi Phase I canine 3 0.017     
AO NiTi Phase I canine 3 0.023     
AO NiTi Phase I canine 3 0.0175     
AO NiTi Phase I canine 3 0.023     
AO NiTi Phase I canine 3 0.0175     
AO NiTi Phase I canine 3 0.023     
AO NiTi Phase I canine 3 0.0175     
AO NiTi Phase I canine 3 0.023     
AO NiTi Phase I canine 3 0.0175     
AO NiTi Phase I canine 3 0.0235     
AO SS Phase II canine 2 0.0175 0.0204 3 0.017 0.0172 
AO SS Phase II canine 1 0.0235 0.0213 3 0.023 0.0255 
AO SS Phase II canine 3 0.0175 0.0195 2 0.0175 0.0172 
AO SS Phase II canine 2 0.0235 0.0219 2 0.023 0.0254 
AO SS Phase II canine 2 0.018 0.02 2 0.017 0.0176 
AO SS Phase II canine 1 0.0235 0.0215 2 0.023 0.0254 
AO SS Phase II canine 2 0.0175 0.0206 2 0.017 0.0182 
AO SS Phase II canine 1 0.0235 0.0217 3 0.023 0.0254 
AO SS Phase II canine 3 0.0175 0.0211 3 0.017 0.0173 
AO SS Phase II canine 1 0.0235 0.0215 3 0.023 0.0253 
AO SS Phase II canine 2 0.018     
AO SS Phase II canine 2 0.0235     





AO SS Phase II canine 1 0.0235     
AO SS Phase II canine 3 0.0175     
AO SS Phase II canine 1 0.0235     
AO SS Phase II canine 3 0.0175     
AO SS Phase II canine 2 0.0235     
AO SS Phase II canine 3 0.017     
AO SS Phase II canine 1 0.0235     
AO HANT Phase I Molar 3 0.017 0.0198 3 0.017 0.0171 
AO HANT Phase I Molar 3 0.023 0.024 3 0.0225 0.0251 
AO HANT Phase I Molar 3 0.017 0.0195 3 0.017 0.0167 
AO HANT Phase I Molar 2 0.023 0.0251 3 0.0225 0.0252 
AO HANT Phase I Molar 3 0.017 0.0195 3 0.017 0.0166 
AO HANT Phase I Molar 3 0.023 0.0241 3 0.0225 0.0252 
AO HANT Phase I Molar 3 0.017 0.0192 3 0.017 0.0172 
AO HANT Phase I Molar 2 0.023 0.0251 3 0.0225 0.0251 
AO HANT Phase I Molar 3 0.017 0.0194 3 0.017 0.0169 
AO HANT Phase I Molar 3 0.023 0.024 3 0.0225 0.0253 
AO HANT Phase I Molar 3 0.017     
AO HANT Phase I Molar 3 0.023     
AO HANT Phase I Molar 3 0.017     
AO HANT Phase I Molar 3 0.023     
AO HANT Phase I Molar 3 0.017     
AO HANT Phase I Molar 2 0.023     
AO HANT Phase I Molar 3 0.017     
AO HANT Phase I Molar 2 0.023     
AO HANT Phase I Molar 3 0.017     
AO HANT Phase I Molar 3 0.023     
3M HANT Phase I Canine 2 0.017 0.0189 3 0.017 0.0196 
3M HANT Phase I Canine 2 0.023 0.0186 3 0.0225 0.0248 
3M HANT Phase I Canine 3 0.0175 0.0193 3 0.017 0.0195 
3M HANT Phase I Canine 2 0.023 0.0191 3 0.023 0.025 
3M HANT Phase I Canine 3 0.017 0.0202 3 0.017 0.0199 
3M HANT Phase I Canine 3 0.023 0.0187 3 0.0225 0.0247 
3M HANT Phase I Canine 3 0.0175 0.0196 3 0.017 0.0206 
3M HANT Phase I Canine 3 0.023 0.0185 3 0.023 0.0246 
3M HANT Phase I Canine 3 0.0175 0.0213 3 0.017 0.0212 
3M HANT Phase I Canine 3 0.023 0.0189 3 0.023 0.025 
3M HANT Phase I Canine 3 0.0175     
3M HANT Phase I Canine 3 0.0235     
3M HANT Phase I Canine 3 0.017     





3M HANT Phase I Canine 3 0.0175     
3M HANT Phase I Canine 2 0.023     
3M HANT Phase I Canine 3 0.0175     
3M HANT Phase I Canine 3 0.023     
3M HANT Phase I Canine 3 0.0175     
3M HANT Phase I Canine 2 0.023     
3M SS Phase II Molar 3 0.0175 0.0196 3 0.017 0.0198 
3M SS Phase II Molar 3 0.0235 0.0255 3 0.023 0.0252 
3M SS Phase II Molar 3 0.0175 0.0197 3 0.017 0.0192 
3M SS Phase II Molar 2 0.0235 0.0249 3 0.023 0.0249 
3M SS Phase II Molar 3 0.0175 0.0197 3 0.017 0.021 
3M SS Phase II Molar 2 0.0235 0.0251 3 0.023 0.0252 
3M SS Phase II Molar 3 0.0175 0.0198 3 0.017 0.0201 
3M SS Phase II Molar 2 0.0235 0.0256 3 0.023 0.0253 
3M SS Phase II Molar 3 0.018 0.0196 3 0.017 0.0189 
3M SS Phase II Molar 2 0.0235 0.0256 3 0.023 0.0254 
3M SS Phase II Molar 3 0.0175     
3M SS Phase II Molar 1 0.0235     
3M SS Phase II Molar 3 0.0175     
3M SS Phase II Molar 1 0.0235     
3M SS Phase II Molar 3 0.0175     
3M SS Phase II Molar 2 0.0235     
3M SS Phase II Molar 2 0.0175     
3M SS Phase II Molar 2 0.0235     
3M SS Phase II Molar 3 0.0175     
3M SS Phase II Molar 2 0.0235     
RMO NiTi Phase II Canine 3 0.0175 0.0195 3 0.017 0.0201 
RMO NiTi Phase II Canine 3 0.023 0.0242 3 0.0225 0.0257 
RMO NiTi Phase II Canine 3 0.0175 0.0196 3 0.017 0.02 
RMO NiTi Phase II Canine 3 0.023 0.0241 3 0.023 0.0253 
RMO NiTi Phase II Canine 3 0.018 0.0193 3 0.017 0.0197 
RMO NiTi Phase II Canine 3 0.023 0.024 3 0.023 0.0251 
RMO NiTi Phase II Canine 3 0.0175 0.0193 3 0.0175 0.0197 
RMO NiTi Phase II Canine 3 0.023 0.0244 3 0.023 0.0252 
RMO NiTi Phase II Canine 3 0.0175 0.0195 3 0.017 0.02 
RMO NiTi Phase II Canine 3 0.023 0.0246 3 0.023 0.0251 
RMO NiTi Phase II Canine 3 0.0175     
RMO NiTi Phase II Canine 3 0.023     
RMO NiTi Phase II Canine 3 0.0175     
RMO NiTi Phase II Canine 3 0.023     





RMO NiTi Phase II Canine 3 0.023     
RMO NiTi Phase II Canine 3 0.0175     
RMO NiTi Phase II Canine 3 0.023     
RMO NiTi Phase II Canine 3 0.0175     
RMO NiTi Phase II Canine 3 0.023     
Forest NiTi Phase II Canine 3 0.017 0.019 3 0.017 0.0191 
Forest NiTi Phase II Canine 3 0.023 0.0246 3 0.023 0.0251 
Forest NiTi Phase II Canine 3 0.0175 0.0192 3 0.017 0.0195 
Forest NiTi Phase II Canine 3 0.023 0.0246 3 0.0225 0.0249 
Forest NiTi Phase II Canine 3 0.0175 0.0191 3 0.017 0.02 
Forest NiTi Phase II Canine 3 0.023 0.0246 3 0.0225 0.0249 
Forest NiTi Phase II Canine 3 0.0175 0.0192 3 0.0175 0.0195 
Forest NiTi Phase II Canine 3 0.023 0.0248 3 0.023 0.025 
Forest NiTi Phase II Canine 3 0.0175 0.0194 3 0.017 0.0192 
Forest NiTi Phase II Canine 3 0.023 0.0246 3 0.023 0.025 
Forest NiTi Phase II Canine 3 0.0175     
Forest NiTi Phase II Canine 3 0.023     
Forest NiTi Phase II Canine 3 0.0175     
Forest NiTi Phase II Canine 3 0.023     
Forest NiTi Phase II Canine 3 0.0175     
Forest NiTi Phase II Canine 2 0.023     
Forest NiTi Phase II Canine 3 0.0175     
Forest NiTi Phase II Canine 3 0.023     
Forest NiTi Phase II Canine 3 0.0175     
Forest NiTi Phase II Canine 3 0.023     
AO HANT Phase I Molar 3 0.0175 0.019 3 0.017 0.0184 
AO HANT Phase I Molar 3 0.023 0.025 3 0.023 0.025 
AO HANT Phase I Molar 3 0.0175 0.0191 3 0.017 0.0191 
AO HANT Phase I Molar 3 0.023 0.0245 3 0.023 0.0251 
AO HANT Phase I Molar 3 0.0175 0.019 3 0.017 0.0189 
AO HANT Phase I Molar 3 0.023 0.0245 3 0.023 0.0249 
AO HANT Phase I Molar 2 0.0175 0.0191 3 0.017 0.019 
AO HANT Phase I Molar 3 0.023 0.025 3 0.023 0.0248 
AO HANT Phase I Molar 3 0.0175 0.0189 3 0.017 0.0191 
AO HANT Phase I Molar 3 0.023 0.025 3 0.023 0.025 
AO HANT Phase I Molar 3 0.0175     
AO HANT Phase I Molar 3 0.023     
AO HANT Phase I Molar 3 0.0175     
AO HANT Phase I Molar 3 0.023     
AO HANT Phase I Molar 3 0.0175     





AO HANT Phase I Molar 3 0.0175     
AO HANT Phase I Molar 3 0.023     
AO HANT Phase I Molar 3 0.017     
AO HANT Phase I Molar 3 0.023     
3M HANT Phase I Molar 3 0.017 0.0197 3 0.017 0.0197 
3M HANT Phase I Molar 3 0.023 0.0227 3 0.023 0.0254 
3M HANT Phase I Molar 3 0.017 0.0201 3 0.017 0.0201 
3M HANT Phase I Molar 3 0.023 0.0226 3 0.023 0.0251 
3M HANT Phase I Molar 3 0.0175 0.0201 3 0.017 0.0201 
3M HANT Phase I Molar 3 0.023 0.0226 3 0.023 0.0249 
3M HANT Phase I Molar 3 0.0175 0.0196 3 0.017 0.0194 
3M HANT Phase I Molar 2 0.023 0.0226 3 0.023 0.0253 
3M HANT Phase I Molar 3 0.017 0.0195 3 0.017 0.0199 
3M HANT Phase I Molar 3 0.023 0.0227 3 0.0225 0.0252 
3M HANT Phase I Molar 3 0.0175     
3M HANT Phase I Molar 2 0.023     
3M HANT Phase I Molar 3 0.0175     
3M HANT Phase I Molar 2 0.023     
3M HANT Phase I Molar 3 0.0175     
3M HANT Phase I Molar 2 0.0235     
3M HANT Phase I Molar 3 0.017     
3M HANT Phase I Molar 2 0.023     
3M HANT Phase I Molar 3 0.017     
3M HANT Phase I Molar 2 0.023     
RMO NiTi Phase I molar 2 0.0175 0.0177 3 0.0175 0.0193 
RMO NiTi Phase I Molar 2 0.023 0.0267 3 0.023 0.0249 
RMO NiTi Phase I Molar 3 0.0175 0.0178 3 0.017 0.0192 
RMO NiTi Phase I Molar 2 0.0235 0.0254 3 0.0225 0.0253 
RMO NiTi Phase I Molar 2 0.0175 0.0172 3 0.017 0.0192 
RMO NiTi Phase I Molar 2 0.023 0.0255 3 0.023 0.0254 
RMO NiTi Phase I Molar 2 0.0175 0.0174 3 0.017 0.0191 
RMO NiTi Phase I Molar 2 0.0235 0.0256 3 0.0225 0.0253 
RMO NiTi Phase I Molar 2 0.018 0.017 3 0.0175 0.0189 
RMO NiTi Phase I Molar 2 0.0235 0.025 3 0.023 0.0257 
RMO NiTi Phase I Molar 2 0.0175     
RMO NiTi Phase I Molar 2 0.0235     
RMO NiTi Phase I Molar 2 0.018     
RMO NiTi Phase I Molar 2 0.0235     
RMO NiTi Phase I Molar 2 0.018     
RMO NiTi Phase I Molar 2 0.0235     





RMO NiTi Phase I Molar 2 0.0235     
RMO NiTi Phase I Molar 3 0.0175     
RMO NiTi Phase I Molar 2 0.0235     
AO NiTi Phase II Canine 3 0.0175 0.0199 3 0.0175 0.0198 
AO NiTi Phase II Canine 2 0.0235 0.025 3 0.023 0.0256 
AO NiTi Phase II Canine 3 0.0175 0.0193 3 0.017 0.0191 
AO NiTi Phase II Canine 2 0.0235 0.0247 3 0.0225 0.0254 
AO NiTi Phase II Canine 3 0.0175 0.019 3 0.0165 0.0189 
AO NiTi Phase II Canine 3 0.0235 0.025 3 0.022 0.025 
AO NiTi Phase II Canine 3 0.0175 0.0189 3 0.0175 0.0192 
AO NiTi Phase II Canine 2 0.0235 0.0248 3 0.023 0.0251 
AO NiTi Phase II Canine 3 0.0175 0.019 3 0.017 0.019 
AO NiTi Phase II Canine 2 0.0235 0.0248 3 0.023 0.0257 
AO NiTi Phase II Canine 3 0.018     
AO NiTi Phase II Canine 2 0.0235     
AO NiTi Phase II Canine 3 0.0175     
AO NiTi Phase II Canine 2 0.0235     
AO NiTi Phase II Canine 2 0.0175     
AO NiTi Phase II Canine 2 0.023     
AO NiTi Phase II Canine 3 0.0175     
AO NiTi Phase II Canine 3 0.023     
AO NiTi Phase II Canine 3 0.0175     
AO NiTi Phase II Canine 3 0.023     
Forest HANT Phase I Canine 3 0.017 0.0196 3 0.0175 0.02 
Forest HANT Phase I Canine 3 0.0235 0.0228 3 0.023 0.0256 
Forest HANT Phase I Canine 3 0.017 0.0195 3 0.017 0.0196 
Forest HANT Phase I Canine 2 0.023 0.0228 3 0.023 0.025 
Forest HANT Phase I Canine 3 0.0175 0.0201 3 0.017 0.0196 
Forest HANT Phase I Canine 3 0.023 0.0228 3 0.0225 0.0252 
Forest HANT Phase I Canine 3 0.017 0.0195 3 0.017 0.0207 
Forest HANT Phase I Canine 3 0.023 0.0227 3 0.023 0.0249 
Forest HANT Phase I Canine 3 0.0175 0.0195 3 0.017 0.0217 
Forest HANT Phase I Canine 3 0.023 0.023 3 0.0225 0.0249 
Forest HANT Phase I Canine 3 0.0175     
Forest HANT Phase I Canine 3 0.023     
Forest HANT Phase I Canine 3 0.0175     
Forest HANT Phase I Canine 2 0.023     
Forest HANT Phase I Canine 3 0.0175     
Forest HANT Phase I Canine 3 0.023     
Forest HANT Phase I Canine 3 0.0175     





Forest HANT Phase I Canine 3 0.0175     
Forest HANT Phase I Canine 2 0.023     
3M NiTi Phase I Molar 2 0.0175 0.0199 3 0.0175 0.0153 
3M NiTi Phase I Molar 2 0.023 0.0242 3 0.023 0.0253 
3M NiTi Phase I Molar 2 0.0175 0.0195 3 0.017 0.015 
3M NiTi Phase I Molar 2 0.023 0.0243 3 0.0225 0.0254 
3M NiTi Phase I Molar 2 0.0175 0.0195 3 0.0175 0.015 
3M NiTi Phase I Molar 2 0.023 0.0243 3 0.023 0.0253 
3M NiTi Phase I Molar 2 0.0175 0.0196 3 0.017 0.0148 
3M NiTi Phase I Molar 2 0.023 0.0244 3 0.0225 0.0252 
3M NiTi Phase I Molar 2 0.0175 0.0202 3 0.017 0.0203 
3M NiTi Phase I Molar 2 0.023 0.0249 3 0.0225 0.0251 
3M NiTi Phase I Molar 2 0.018     
3M NiTi Phase I Molar 2 0.023     
3M NiTi Phase I Molar 2 0.0175     
3M NiTi Phase I Molar 2 0.023     
3M NiTi Phase I Molar 2 0.018     
3M NiTi Phase I Molar 3 0.023     
3M NiTi Phase I Molar 3 0.0175     
3M NiTi Phase I Molar 2 0.0235     
3M NiTi Phase I Molar 3 0.018     
3M NiTi Phase I Molar 2 0.023     
Forest HANT Phase II Canine 3 0.0175 0.0192 3 0.017 0.0188 
Forest HANT Phase II Canine 3 0.023 0.0231 3 0.023 0.0245 
Forest HANT Phase II Canine 3 0.017 0.0195 3 0.017 0.0188 
Forest HANT Phase II Canine 3 0.023 0.0231 3 0.023 0.0244 
Forest HANT Phase II Canine 3 0.0175 0.0193 3 0.017 0.0177 
Forest HANT Phase II Canine 2 0.023 0.0231 3 0.0225 0.025 
Forest HANT Phase II Canine 3 0.0175 0.0193 3 0.017 0.0172 
Forest HANT Phase II Canine 3 0.023 0.023 3 0.023 0.0249 
Forest HANT Phase II Canine 3 0.0175 0.0194 3 0.017 0.0175 
Forest HANT Phase II Canine 3 0.023 0.0229 3 0.0225 0.025 
Forest HANT Phase II Canine 3 0.0175     
Forest HANT Phase II Canine 3 0.023     
Forest HANT Phase II Canine 3 0.0175     
Forest HANT Phase II Canine 3 0.023     
Forest HANT Phase II Canine 3 0.0175     
Forest HANT Phase II Canine 3 0.023     
Forest HANT Phase II Canine 3 0.0175     
Forest HANT Phase II Canine 3 0.023     





Forest HANT Phase II Canine 3 0.023     
AO SS Phase II Molar 1 0.018 0.0194 3 0.017 0.0186 
AO SS Phase II Molar 1 0.023 0.025 3 0.023 0.0255 
AO SS Phase II Molar 1 0.0175 0.0194 3 0.017 0.0188 
AO SS Phase II Molar 1 0.023 0.0249 3 0.023 0.0257 
AO SS Phase II Molar 2 0.0175 0.0195 3 0.017 0.0187 
AO SS Phase II Molar 1 0.023 0.0247 3 0.023 0.026 
AO SS Phase II Molar 2 0.0175 0.0196 3 0.017 0.0189 
AO SS Phase II Molar 1 0.023 0.0247 3 0.023 0.0252 
AO SS Phase II Molar 2 0.0175 0.0197 2 0.017 0.019 
AO SS Phase II Molar 1 0.023 0.0248 3 0.023 0.0255 
AO SS Phase II Molar 2 0.017     
AO SS Phase II Molar 1 0.023     
AO SS Phase II Molar 2 0.017     
AO SS Phase II Molar 1 0.023     
AO SS Phase II Molar 2 0.017     
AO SS Phase II Molar 1 0.023     
AO SS Phase II Molar 2 0.0175     
AO SS Phase II Molar 1 0.023     
AO SS Phase II Molar 2 0.0175     
AO SS Phase II Molar 1 0.023     
3M SS Phase I Canine 2 0.017 0.0193 3 0.017 0.0196 
3M SS Phase I Canine 2 0.023 0.0226 3 0.023 0.0257 
3M SS Phase I Canine 2 0.0175 0.0195 3 0.017 0.0199 
3M SS Phase I Canine 1 0.0235 0.0218 2 0.023 0.0255 
3M SS Phase I Canine 2 0.017 0.0196 3 0.0175 0.0189 
3M SS Phase I Canine 1 0.023 0.0221 2 0.023 0.0251 
3M SS Phase I Canine 3 0.0175 0.0192 3 0.017 0.0192 
3M SS Phase I Canine 2 0.023 0.0219 3 0.023 0.025 
3M SS Phase I Canine 2 0.0175 0.0193 3 0.0175 0.0192 
3M SS Phase I Canine 2 0.0235 0.0222 3 0.023 0.0253 
3M SS Phase I Canine 2 0.0175     
3M SS Phase I Canine 1 0.0235     
3M SS Phase I Canine 2 0.0175     
3M SS Phase I Canine 1 0.0235     
3M SS Phase I Canine 2 0.0175     
3M SS Phase I Canine 1 0.0235     
3M SS Phase I Canine 2 0.0175     
3M SS Phase I Canine 1 0.0235     
3M SS Phase I Canine 2 0.0175     





3M SS Phase I Molar 2 0.018 0.0194 3 0.0175 0.0191 
3M SS Phase I Molar 1 0.0235 0.024 3 0.023 0.0254 
3M SS Phase I Molar 2 0.0175 0.0195 3 0.0175 0.0193 
3M SS Phase I Molar 1 0.0235 0.0239 3 0.023 0.0243 
3M SS Phase I Molar 2 0.018 0.02 3 0.017 0.0196 
3M SS Phase I Molar 1 0.0235 0.0243 3 0.023 0.0242 
3M SS Phase I Molar 2 0.0175 0.0197 3 0.017 0.0205 
3M SS Phase I Molar 1 0.0235 0.0242 3 0.023 0.0253 
3M SS Phase I Molar 2 0.0175 0.0198 3 0.0175 0.0192 
3M SS Phase I Molar 1 0.0235 0.0242 3 0.023 0.0256 
3M SS Phase I Molar 2 0.0175     
3M SS Phase I Molar 1 0.023     
3M SS Phase I Molar 2 0.018     
3M SS Phase I Molar 1 0.023     
3M SS Phase I Molar 3 0.0175     
3M SS Phase I Molar 1 0.0235     
3M SS Phase I Molar 2 0.0175     
3M SS Phase I Molar 1 0.023     
3M SS Phase I Molar 3 0.0175     
3M SS Phase I Molar 1 0.023     
 
 
